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SUMMARY (Nontechnical) 

A.  The Problem 

In order to extend our knowledge of climatic variations back through time, 

especially for sparsely settled areas of the globe, it is necessary to use a 

variety of proxy records or surrogates of past climate.  The rings of trees 

are an especially valuable record of yearly variations in past climate because 

they can be dated to the exact year in which they were formed, and, therefore, 

temporally precise estimates of climate can be derived from their measurements. 

In fact, considerable research at present supports vhe contention that recon- 

structions of spatial anomaly patterns of surface pressure (atmospheric circu- 

lation patterns) for the North American and North Pacific sectors, including 

portions of the Pacific Ocean, can be estimated from spatial variations in 

tree growth, represented by well-replicated tree-ring chronologies, for sites 

throughout western North America. 

The purpose of this research is to extend the methods and data used in 

analyzing western North American trees to hemispherewide climatic analysis. 

The report summarizes the important technical results from three years of ARPA- 

supported work including the collection of basic materials, the processing 

and development of proxy information from the collections, and the application 

of the information to analyses of climatic variations. More importantly, 

it describes the indirect, but significant, effect the ARPA work has had on 

dendroclimatology, a scientific subdiscipline crucial to the problem of 

estimating past climatic variation.  To provide a background for evaluating 

the significance of this nroject, the latter, more indirect international 

contributions are summarized first. 

'•...  .r:x- ■i&iad&iiSii&läx! 
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B.  The Internatlonai Growth of Dendroclimatology 

Dendroclimatology (the use of dated tree rings to study climate) is a part 

of the better-known discipline of dendrochronology (tree-ring dating).  Dendro- 

climatology has become an increasingly important field of investigation during 

the last decade, especially during the last several years.  The acceleration 

in its growth is a function of more worldwide direct contacts, increasing 

working relationships among scientists in different laboratories, and the keen 

interest of workers which has been generated in large part by activities at 

the Laboratory of Tree-Ring Research.  The ARPA-supported activities and the 

travels undertaken by the Principal Investigator have been especially instru- 

mental in the development of an international collaborative working group. 

The group has grown from a handful of people to include more than 75 leading 

scientists from 18 countries throughout the world. 

In addition, the following achievements have resulted from the ARPA work: 

1) A highly successful two-week International Workshop of Dendroclimatology 

was held in Tucson April 15-26, 1974; 

2) An International Tree-Ring Data Bank was formed and implemented; 

3) Direct relationships among American and Soviet scientists were 

established through two visits of H. C. Fritts to the U.S.S.R. and 

through a bilateral collaboration agreement between the United States 

and the U.S.S.R.; 

4) A total of 23 basic tree-ring chronologies have been contributed 

from Europe and are being placed in the Data Bank; 

5) A number of international scientists have already collected and are 

working on materials which they plan to use with our help to study 

past climate. 

,.'. ■ -j--- .,■,,-_■ akaa*^.^•.::.;■ ^..,.t, ,. .^^^.^tia^^tMiä^ 
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C.  Basic Principles Underlying the Research 

Dendroclimatic research, as described in this report, is based upon the 

simple principle that trees growing on stress sites lay down wide or narrow 

rings depending upon the conditions of weather and climate that affect plant 

processes.  Thus, the tree-ring records contain, among other things, information 

on variations in past climate.  In order to enhance the climatic information 

and mirimize the nonclimatic variations, great care is taken to collect from 

only those trees most limited by climate and to  sample a variety of habitats 

so that much of the nonclimatic variability is averaged out while the similari- 

ties representing raacroclimatic information are enhanced.  Also, because there 

is a finite, but small, likelihood that a ring may be missing or mistakenly 

identified on a particular sample, a tedious and time-consuming procedure must 

be employed to crossdate all ring records before they are measured, processed, 

and analyzed.  The dating procedure alone consumes one-thiid of the total 

collecting-processing effort. 

D.  Tree-Ring Collections 

A total of 104 separate high-quality chronologies from the contiguous 

United States and nearby areas of Mexico have been collected and processed 

under the auspices of the ARPA project.  These are part of a larger collection 

of 218 North American chronologies and materials.  For the sake of brevity, 

only the highest-quality sets are reported.  If the chronologies from the North 

American Arctic and Europe are added to the selected list, a total of 127 new 

chronologies can be reported.  ARPA collection efforts outside the United States 

involved scientists from the countries concerned or were obtained with the full 

knowledge and consent of the respective governments.  All research with these 

materials has been conducted in the United States. 

' 
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The collection and processing of a single site to develop a year-to-year 

ring-width chronology of variations in climate has been estimated to cost 

$1,500.  If one estimates the dollar value of the 104 chronologies from the 

contiguous United States alone, it amounts to $156,000 or approximately 61% 

of the entire ARPA support.  This unusually high return occurred because the 

ARPA support served as seed money to initiate projects which were then continued 

on other grants.  Actually, more than 104 high-quality chronologies resulted 

from the total effort but only those directly involving ARPA funds are 

tabulated. 

E. Computer  Program Development 

New computer equipment and related software development are reported which 

facilitate our work and are especially important to the research underway at 

the moment.  Included are programs to assist batch processing, new text-editing 

capabilities, and interactive programs developed for a Texas Instruments Model 

725 terminal provided for the project.  A number of tests of particular climatic 

hypotheses which are mentioned in the report were possible because of the 

computer software and hardware which were developed. 

F. Results 

Since tree-riug data around the world vary markedly in their quality and 

density over space, two methods of calibration were studied to test their use 

in areas where only one or two chronologies charactr'-ize regional climate. 

One method involved multiple regression using tree-ring values coinciding with, 

or lagging behind, the occurrence of climate as predictors.  The other method 

employed canonical analysis, using several chronologies to estimate records 

of climate. 
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The results of the first method are significant and were verified on 

Independent data for six out of ten cases In which the calibration regression 

coefficients were significant.  All tests of the second method are not completed, 

so details are not reported.  The first method appears to be most effective 

in arr:as where tree-ring data are sparse, but the method is less powerful than 

the second if large errors occur in either the tree-ring or climatic calibration 

data set.  We anticipate that the second method, using canonical variates. 

will help to separate the small-scale noise from the large-scale information 

on climate, but more tree-ring data are required to accomplish the analysis. 

Other results are reported in the text or described in the 16 manuscripts 

or publications listed in the last section.  The Appendix is a paper describing 

our methods of selection and characterization of tree-ring data sets for use 

in climatic analyses. 

The project was a part of a larger effort involving the University of 

Wisconsin (Grant AFOSR 72-2407).  In the last two years of this proposed 

five-year project, we had planned to apply our capabilities at the two univer- 

sities to the larger problem of continentwide climatic reconstruction and 

analysis.  Since the work has been terminated prematurely, we cannot provide 

conclusive results at this time regarding such regional analyses. 

However, our particular ARPA project at the University of Arizona has been 

coordinated with another research effort (NSF Grant GA-26581) which was to 

use existing tree-ring records to reconstruct past climate.  This work is 

continuing with a new grant (NSF Grant ATM75-22378) and has been expanded 

to utilize some of the technological developments resulting from the ARPA 

study. Already we are applying the newly revised tree-ring grid of 89 sites 

.t,,/ ..,.^vl.^,-„^^,. ^•^j'-.Ä,iiiv..vw..-^^'.' ,?,•■;. ,/.;JV-., ' ,,.,,■ ■.,;,.. ;,it. .■„,:, 



■-:... ■ ■-■■■,:■.■■.■.■■: ■ . ■ ■ ■: ■:.... .................. .,,...      .,, . ,  , •.■■..■,■.,.     - ,,.  ,-.. •  . 

reported in the Appendix to make improve ,ents in our calibrations and to 

extend reuorcäi..ructions of climate further back in time. 

A new NSF project (NSF Grant ATM75-17034) has also been funded to develop 

applications and to carry forward the expansion of our techniques to hemisphere- 

wide analysis. 

The last manuscript cited in Section XJI, Tree Rings and Climate  by 

H. C. Fritts, has been in preparation for about six years.  While ARPA funds 

have not been solicited directly for the book, a large number of examples, 

references, and results from the ARPA effort are included in the volume along 

with other studies and facts relevant to the general topic.  In addition, 

ARPA-supported personnel have at times been involved in preparation of this as 

well as other cited manuscripts. 

G.  Conclusions 

The most basic objective of this study has been achieved—the development 

of a new and more extensive tree-ring data base.  Also, much progress is 

reported on hemispherewide efforts of climatic reconstruction which is best 

measured by the growth of the discipline, increased international collaboration, 

and by the ARPA technological developments.  The work has contributed to all 

sections of the Laboratory of Tree-Ring Research and has helped to build both 

a technological base and well-trained staff which can continue to provide 

world leadership in the field of dendrocllmatic analysis. 

The full impact of the effort is not yet fully visible.  Its significance 

should become more and more evident in the years to come as the actual recon- 

structions of past climatic variations are compiiad into a meaningful picture 

'""mmmmmmm 



beginning in North America, expanding to Europe and thence to other areas of 

the Northern Hemisphere, and ultimately to  all continents and oceans adjacent 

to semiarid, temperate, c  cold-region forests. 
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II.  INTRODUCTION 

There Is a growing awareness that climate could be changing, that the 

world's food and energy supplies could be increasingly affected by climatic 

variations, and that more effort needs to be directed to the task of anti- 

cipating future conditions of climate.  It is also becomirg apparent that 

climatic changes occur on all time scales, and that our knowledge of the 

spatial and temporal character of climatic variations becomes less accurate 

i 

as we work back in time from the present. 

One can be optimistic about the possibility of statistical forecasting 

of weather and climatic variations for a few days, weeks, or even months in 

the future because relatively good physical models already exist for such, and 

there, is a sufficient number of observations to develop the necessary statistics, 

However, there is insufficient knowledge of and a lack of studies on climatic 

variations fo*- time scales of 1 to 100 years.  Therefore, it is still difficult 

to anticipate long-range changes in climate.  This lack is in part imposed by 

unavailability of data.  For example, there are only 25 to 30 years of upper 

air data and only 70 years of surface observations from a moderately dense 

network available for analysis of yearly climatic variations; and a relatively 

small number of weather stations have long enough records to provide even 10 

independent observations of decades (100 years), which is a number generally 

considered too small to derive meaningful statistics.  In order to obtain more 

information on the nature of past climatic variability on time scales of 

years to millenia, it is necessary to go beyond existing weather records to 

proxy data, i.e., environmentally sensitive chronologies that have recorded 

past variations in climate for a particular region or site. 

This report covers three years of research of a five-year project to 

extend our knowledge of year-to-year variations in climate back in time by 

qweMMMKHttaammMH 
J, J.  
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use of well-dated proxy series of climate such as tree rings.  Such climatic 

reconstruction is possible because ring-wid'-h growth on stress sites is limited 

in years of minimal moisture, anomalous temperatures, and other climatic factors. 

Therefora, biological records of climate can be obtained from replicate sampling 

of rings from trees on a variety of sites over a wide geographic area.  Spatial 

variations in tree growth for each year can be calibrated with recorded clinate, 

and the calibration equation is applied to growth in past years to estimate 

the associated variations in past climate..  Work prior to the funding of this 

project has focused mainly on arid site trees from western North America and 

on pressure over North America and the North Pacific Ocean.  The first objective 

of this study was to expand the tree-ring data base.  This widened data base 

is to be applied to an expanded set of climatic data to include the North 

Atlantic, Europe, and Asia. 

The fiist two technical sections of this report (Sections III and IV) 

describe the progress in the collection of tree-ring chronologies and an 

estimate of their present dollar value.  Section V deals with recent interna- 

tional developments related to dendroclimatology including a discussion of the 

International Tree-Ring Data Bank and a report on most recent travels. 

Section VI and the attached Appendix describe the selection of an Improved 

tree-ring grid for climatic reconstructions and evaluation of the statistical 

characteristics of the grid.  Sections VII and VIII describe the current status 

of a test of calibration procedures and some attempts at several new applications. 

New computer programs developed for the general research effort are described 

in Section IX. 

Section X is a general summary of the significance of the entire ARPA effort, 

while the last two sections include lists of personnel supported by the grant 

and publications resulting from or related to the effort. 

. 



10 

III. COLLECTIONS 

A.  North American Temperate Sites 

The coliections originally itemized in earlier reports as Tasks 1, 2, and 4, 

represent a major portion of the first three-year ARPA effort and include work 

which has now been taken over by other grants.  Collections have been obtained 

from 36 distinct localities of the United States and Canada.  Localities 

1 through 35 (Fig. 1) include 55 tree-ring chronologies which were in turn 

selected from 118 collected samples (see Table 1). 

Locality 36 includes 30 well-defined sites with a total of 49 chronologies 

as shown in Figure 2 and itemized in Table II.  Thus, out of a total of 184 

tree-ring collections, we now report a total of 104 new chronologies of suffi- 

cient length and quality to be used for climatic reconstruction work. 

B.  North American Arctic Sites 

Figure 3 is a map of the available chronologies of the Northern Hemisphere 

for sites outside the contiguous United States, western Canada, and Mex'co. 

Twenty-one sites shown in Alaska and the Yukon and Nortnwest Territories as 

mapped by Biasing and Fritts (Section III, No. 3) had been collected and 

processed prior to the ARPA project.  However, one very excellent chronology, 

Herring-Alpine, from an island in Prince William Sound, was dated and processed 

as part of the ARPA-supported effort.  The collections in Labrador and Fort 

Chimo are presently being processed.  The most northern of these. Fort Chimo, 

will be a large and excellent chronology extending back to 1641.  Data concerning 

these chronologies are shown in Table III.  Although the Labrador collections 

are too short to be included in a climate reconstruction set, they are shown, 

too, as they represent the only known data for that area of the eastern North 

America coast. 

.^_ 
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Abbreviation Common Name Scientific Name 

ABAL 

ABCO 

JUOS 

LADE 

LALA 

PCAB 

PCEN 

PCGL 

PCMA 

PCRU 

PICE 

PIEC 

PIED 

PIFL 

PIHA 

PIJE 

PIPO 

PIQU 

PIRE 

PIRI 

PISF 

PIST 

PISY 

PSMA 

PSME 

QUAL 

QUPR 

QUSP 

QUST 

TSCA 

TSHE 

European fir 

white fir 

Utah juniper 

'cropean larch 

tamarack 

Norway spruce 

Engi1 mann spruce 

white spruce 

black spruce 

red spruce 

stcne pine 

shortleaf pine 

Colorado pinyon 

limber pine 

Aleppo pine 

Jeffrey pine 

ponderosa pine 

Parry pinyon 

red pine 

pitch pine 

western white pine 

white pine 

Scotch pine 

big cone spruce 

Douglas-fir 

white oak 

chestnut oak 

European oak, 
species unknown 

post oak 

hemlock 

western hemlock 

Abies alba 

Abies aonaolov 

Juniperms osteosperma 

Larix deaidua 

Larix laricina 

Pioea abies 

Piaea engelmanni 

Piaea glauaa 

Piaea mariana 

Piaea rubens 

Pinus aembva 

Pinus eahinata 

Pinus edulis 

Pinus flexilis 

Pinus halepensis 

Pinus jeffreyi 

Pinus ponderosa 

Pinus quadrifolia 

Pinus resinosa 

Pinus rigida 

Pinus strobiformis 

Pinus strobus 

Pinus sylvestris 

Pseudotsuga maaroaarpa 

Pseudotsuga menziesii 

Queraus alba 

Queraus prinus 

Queraus  spp. 

Queraus stellata 

Tsuga aanadensis 

Tsuga heterophylla 
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Key   to Collectors   for Tables   1,   II,   and   III 

Abbreviation Collectors 

AM 
AS 

AVD 
BA>; 

lill 

PJ 
iTB 

CHF 
■vs 
DB 

DBH 

DE 
IX, 1) 

DOB 
EC 

EE 
EH 
HI 

FS 

GJ 

GS 

HCF 
HEW 

IHH 

JP 
JSD 
JT 
JY 
KB 
LC 
LL 

MAS 
MAW 

MB 

MLH 

NR 
RB 

REB 
Kl.W 

RT 
SBC 
TCS 

THN 

TJS 
TPH 
VCL 
WJK 
ww 
ZB 

Andr^ V. Munaut, Laboratoire de Palynologie et Phytosociologle, Louvaln-la-Neuve, Belgium 
Albert H. Swain, University of Wisconsin, Madison 
Arthur V. Douglas, Laboratory of Tree-Ring Research, University of Arizona, Tucson (TRL) 
Boris A. Kolchln, Institute of Archaeology, Moscow, U.S.S.R. 
Bornd Becker, Universität Hohenheim, Stuttgart, Federal Republic of Germany 
Bengt Jonsson, Royal College of Forestry, Stockholm, Swiden 
Barney T. Burns HI, TRL 
C. Wesley Ferguson, TRL 
Charles W. Stockton, TRL 
Douglas Bean, T.V.A., Knoxvllle, Tennessee 
D. B. Houston, Yellowstone Nat. Park, Wyoming 
Dieter Eckstein, Universität Hamburg, Federal Republic of Germany 
Donald G. Despain, Yellowstone Nat. Park, Wyoming 
Dennle 0. Bowden, TRL 
Edward Cook, Lamont-Doherty Geol. Obs., Palisades, New York 
Eugene and Retta Estes, Rend Lake College, Ina Illinois 
Ernst Hollsteln, Rheinisches Landesmuseum, Trier, Federal Republic of Germany 
Florence Hawley Ellis, Formerly Univ. of Chicago Tree-Ring Lab., presently Univ. of New 
Mexico, Albuquerque 
Francoise Serre, Laboratoire de Botanique Hlscorlque et Palynologie, Faculty des Sciences 
et Techniques de St. Jirome, Marseilles, Fra.ice 
Gordon Jacoby, formerly Lake Powell Project, Flagstaff, Arizona, presently Lamont-Doherty 
Geol. Obs., Palisades, New York 
Gustaf Sir^n, Royal College of Forestry, Stockhoi,.., Sweden 
Harold C. FrU.j, TRL 
Herb E. Wright, Univ. of Minnesota, Minneapolis 

James B. Harsha, formerly TRL 
Jonathan Pllcher, Queen's Univ., Belfast, Northern Ireland 
Jeffrey S. Dean, TRL 
Jaan Terasmae, Brock Univ., St. Catharines, Ontario, Canada 
John Yu, TRL 
Klaus Brehme, formerly Universität Hamburg, Federal Republic of Germany 
Lawrence Conrad, Dept. of Anthropology, Univ. of Wisconsin, Madison 

Lloyd Loope, Grand Teton Nat. Park, Wyoming 
Marvin A. Stokes, TRL 
Martha Ames Wiseman, TRL 
Michael G. L. Baillie, Queen's Univ., Belfast, Northern Ireland 
Mlron L. Helnselman, North Central For. Expt. Sta., St. Paul, Minnesota 
Nelson Rogers, Sinkin Expt. Forest, Salem, Missouri 
Roger Betson, T.V.A., Knoxvllle, Tennessee 
Robert E. Bell, formerly Univ. of Chicago Tree-Ring Lab., retired from Univ. of Oklahoma, Norman 
Richard L. Warren, TRL 
Robert Tosh, Mentone, California 
Scott B. Clemans, TRL 
Thomas G. Siccama, Yale School of Forestry and Environmental Studies, New Haven, Connecticut 
Thomas H. Nay lor, TRL 
Thomas J. Sheeny, Chugadi Nat. Forest, Aiichuragt, Alaska 
Thomas P. Harlan, TRL 
Valmore C. LaMarche, Jr., TRL 
William .1. Robinson, TRL 
Wallace Woolfenden, TRL 
Zdzlslaw Bednarz, Akademia Rolnicza Wydzlal Lesny, Krakow, Poland 
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C.  European Sites 

Figure 3 includes tree-ring sites from Eurasia made available to this 

project.  The points shown in western Europe represent 34 sites (Table III) that 

have evolved out of our ARPA collaboration and the International Workshop on 

Dendrcclimatology held in Tucson on April 15-26, 1974.  The 29 points from 

the Soviet Union are from a map provided by Lovelius of Leningrad representing 

data that may be available from him.  In addition. Professor Bitvinskas reports 

additional sites which could be made available.  However, except for a published 

work by Kolchin. none of the Soviet Union data has been sent. 

An international agreement has been made between the U.S.S.R. and the 

United States to exchange certain tree-ring programs and data. H. C. Fritts 

has sent the United States materials several years ago. and a formal letter 

has now been sent to the U.S.S.R. officials asking if the Soviet scientists 

still expect to reciprocate. No reply has been received at the time of the 

writing of this report. We still remain hopeful that an exchange will result, 

but. as yet. there is no concrete evidence that Soviet scientists will be 

permitted to send the materials before they are officially published. 

  _—...  
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IV.  VALUE OF COLLECTIONS 

Out of a total of 218 or more collections from the Northern Hemisphere, 

we have developed 127 chronologies, most of them extending to A.D. 1700 or 

earlier.  A total of 100 (or 81%) of these chronologies includes information 

averaged from 10 or more trees and two replicates per tree. 

The dollar value of the North America temperate collections has been 

estimated using data obtained by Martha Wiseman.  She interviewed eight different 

dendrochronologists at the Laboratory o' Tree-Ring Research and solicited 

estimates of work time and other costs involved in 10 different steps starting 

with collection and ending with a computer-derived ring-width chronology.  For 

purposes of comparison, all estimates assumed two , rople were involved in the 

collecting, 25 trees were sampled by means of two cores per tree, 20 of the 25 

trees were dated and processed, and a final chronology was obtained spanning 

200 to 300 years.  Each person who was interviewed estimated a minimum, average, 

and a maximum time and expense involved at each stage in the procedure.  The 

mean minimum, mean, and mean maximum values were derived from the eight esti- 

mates for each category, and these values are presented in Table IV.  One 

can see that the processing of a chronology of this size requires, on the 

average, about 152 to 317 person-hours of effort.  The greatest percentage of 

time (33%) is involved in the tedium of working out the dating of the individual 

rings.  Measurement, checking of measurements, and keypunching together consume 

31%.  All other aspects of the work, including collection and computer analysis, 

account for the remaining 39%. 

These figures were converted to dollar values by using a modest rate of 

$5.00/hour for professional staff and $2.50/hour for nonprofessional staff 

.    '    ._.    .....   .: j. i L^J., j L_i  

I 
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TABLE IV 

Average Work Time Required to Collect 

and Process a 200- to AOO-Year Ring-Width Chronology 

Task 

1. Collection 

2. Specimen preparation 

3. Dating 

A. Dating check 

5. Measuring 

6. Measuring check 

7. Keypunching 

8. Computer set--up 

9. Output check 

10. Project   supervision 

TOTALS 

Time (In person-hours)' 

Mean 
Minimum 

11 

7 

51 

10 

30 

20 

6 

A 

5 

8 

152 

Mean 

15 

12 

72 

17 

39 

22 

6 

6 

15 

11 

215 

Mean Mean 
Maximum Percent 

23 7 

1/ 6 

120 33 

28 8 

53 18 

27 10 

7 3 

8 3 

19 7 

15 5 

317 100% 

aBased upon estimates for each category made by 8 persons, figures rounded 
to nearest hour. 

^Assuming collection of 50 cores from 25 trees by 2 persons.  Figures 
include field ijocumontation but not travel time. 
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and by adding computer and travel costs ranging from $6A to $110 per site. 

The total costs ranged from an average minimum of $1066 to an average maximum 

of $22AA.  The mean amounted to $1492, or roughly $1500 per site chronology. 

If the average cost figure of $1500 is multiplied by the 104 final 

temperate North America chronologies, the worth or replacement value of the ARPA 

collections amounts to $156,000 or approximately 61% of the dollar amount of 

the effort.  If one adds to this the actual time spent on obtaining and examining 

collections that did not meet the required specifications for inclusion in 

one of the mentioned tables and the time expended on the Arctic and European 

c elections, the dollar value of the effort equals or exceeds the total amount 

of the grant.  This is possible because some of the collecting and dating work 

vas carried out by personnel salaried on state funds, by workers salaried on 

other grants, or by individual donations representing work on unsponsored 

theses or projects.  All the European materials were obtained by nationals and 

collected using European or personal funds.  Some help with dating and measuring 

and most of the computer processing was accomplished on ARPA funds.  Therefore, 

the ARPA investment has served as very important seed money which yielded a set 

of ring-width chronologies with value equal to or greater than the value of 

the original investment. 

. . _ ■   .   _ _ Ä± 
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V.  THE INTERNATIONAL PROGRAM 

A.  The Growing Discipline of Dendroclimatology:  A Response to the ARPA- 
Supported Work 

At the time of the first visit to Europe by Fritts in 1968, a respectable 

number of dendrochronologists were working on problems of tree-ring dating, 

forestry management, pollution assessments, and related studies, but few were 

concerned with reconstructing past climate.  Only one Scandinavian and a 

small number of Polish scientists referred to themselves as dendvoalimatologists. 

After tlus first visit Fritts began work on a book to describe the science of 

dendroclimatology including a large part of his and his colleagues' research 

on the subject.  Efforts were also directed at developing scientific methods 

for large-scale calibration and reconstruction procedures.  In addition, letters 

were sent to a large number of scientists proposing a working group on Northern 

Hemisphere dendroclimatic analysis.  Out of this a list was compiled of approxi- 

mately 100 seriously interested persons.  About 30 of those listed were selected 

and invited to participate in a workshop on dendroclimatology sponsored by 

both ARPA and NSF on April 15-26, 197A.  This two-week meeting was attended 

by 27 of the invited scientists and by 30 staff members of the Laboratory of 

Tree-Ring Research.  A number of scientists cama  early or remained afterwards 

to work on their own problems with the help of the Tree-Ring Laboratory scientists, 

This international workshop was the single most important stimulus to 

the exponential growth in dendroclimatology that we are experiencing today. 

The foreign scientists were not only enthusiastic about their firsthand 

experiences using the technology available at the Laboratory, but they also 

recognized the many potentialities for more interaction with each other and 

subsequently established new working relationships.  Those staff members of the 

Laboratory of Tree-Ring Research who had had little prior international contact 
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were pleasantly surprised by the sincere interest and respect of the visitors 

for the work of the Laboratory and respor'ed generously providing much assistance, 

leading discussions, and sharing ideas with the participants.  Numerous 

genuine working relationships evolved, and many of the ARPA staff who are still 

at the Laboratory continue in one way or another with the international effort. 

Another example of the increasing international interest in dendroclimatology 

resulting from the workshop was a revitalization of the Tree-Ring Society. 

Foreign members became the new officers although the work of the treasurer 

remained in Tucson, and our staff serve as editors for the official publica- 

tion, the Tree-Ring Bulletin.     An International Tree-Ring Data Bank, which was 

established at the workshop, is governed by an international commit*-"  chaired 

by Fritts.  Karen Babcock McDougall served as Editor of the first Data Bank 

Newsletter.     The software development for the Data Bank has begun, and we 

are now seeking the necessary financial support.  The first data have already 

been received, and we are beginning active solicitation of new contributors and 

follow-up on past promises.  The details of this work are described in the 

next section. 

Another important development is the signing of an agreement between the 

United States and the U.S.S.R. which includes proposed dendroclimatic colla- 

boration between Fritts (U.S.A.) and Lovelius and Bitvinskas (U.S.S.R.).  This 

agreement was part of a larger document of Working Group VIII on the Influence 

of Environmental Changes on Climate which was signed in Leningrad in 1974. 

Further evidence of the growing interest in this field is the increasing 

number of the international conferences involving dendroclimatology.  In June, 

1974, the Mainz Academy of Science and Literature sponsored a symposiura on 

"Dendrochronology of the Post-Glacial—Fundamentals and Developments." Also, 

the 12th International Botanical Congress held In Leningrad in July, 1975, 
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included a symposium entitled "Bioecolog'-cal Principles of Dendrochronology" 

which was chaired by Fritts.  And a trey-ting program is planned for the INQUA 

Congress to be held in Birmingham, England, in 1977.  Details of these and other 

related projects appear in the following section of this report concerning 

travels by H. C. Fritts. 

At the beginning of 1976, interest and activity in ciendroclimatology can 

be identified with approximately 75 leading scientists (as well as a larger 

number of collaborating scientists and technicians) in 18 countries throughout 

the world.  These leaders include 31 North Americans, 10 workers from the 

Soviet Union. 8 West Germans, 6 British, 5 Scandinavians, A scientists from 

the Balkans, 3 Poles, 2 scientists each from Czechoslovakia, Belgium, and 

Franc«, 1 scientist from Switzerland, and 1 from Israel. 

The disciplines represented by these men and women include biology, 

forestry, meteorology, anthropology, geophysics, astronomy, geology, hydrology, 

geography, and other related sciences.  The Principal Investigator has made 

an interesting estimate that the current rate at which new dendrochronologists 

appear is equivalent to one new professional every week and that most of these 

new workers are interested in, if not directly concerned with, climatic 

research. While such a growth rate is still small compared to many of the 

well-established sciences, it is a highly significant development, and it is, 

in part, a direct consequence of the ARPA-sponsored effort. 

B.  The International Tree-Ring Data Bank 

The continued gathering of tree-ring data from outside the North American 

continent will be facilitated by the new International Tree-Ring Data Bank 

which was set up as a part of the ARPA-supported work.  The Data Bank offers 

long-term security of global materials while building an international data 
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base.  Alrtady, contributions of worldwide data have been officially solicited 

by means or the international Tree-Ring Data Bank Newsletter,   the first issue 

of "Hlch was published in July, 1975 (see Fig. 4), and two new top-quality 

chronologies have been received within the past few months.  Although lack 

of financial support at the present time has slowed development of the software 

for the computerized Data Bank System, the present status of the work is as 

follows: 

1. The organization has been established for the development of the Data 

Bank System.  Included are magnetic tape and microfilm backup :acilities 

and the Data Bank Newsletter  which is used for general r^sanutlications to 

contributors and users of the system.  Initially cniy climate-related 

samples are being accepted, but there is a provision allowing the flexi- 

bility to incorporate other branches of dendrochronology as the opportunity 

arises.  The Newsletter  is currently received by 21 highly interested 

European and Asian der.drochronologists and by 30 additional scientists 

from other geographical areas, mostly North America. 

2. The systems definition and programming needs for the Data Bank have been 

analyzed, and a cost estimate of over $30,000 for two years has been 

obtained on the basis of the storage of site laformation, ring-width 

measurements, and indices, plus the development ot a multivariable 

retrieval system.  Also included in the cost estimate is a storage and 

retrieval system for the climatic reconstructions which will bf developed 

from tree-ring data.  Funding for the development of software for the 

International Tree-Ring Data Bank is still being sought. 

3. An official Site Information Sheet, required with all entries into the 

Data Bank, has been established by the International Tree-Ring Daca 

•Mama; -   . . 
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base.  Already, contributions of worldwide data have been officially solicited 

by means of the International Tree-Ring Data Bank Newsletter,   the first issue 

of which was published in July, 1975 (see Fig. 4), and two new top-quality 

chronologies have been received within the past few months.  Although lack 

of financial support at the present time has slowed development of the software 

for the computerized Data Bank System, the present status of the work is as 

follows: 

1. The organization has been established for the development of the Data 

Bank System.  Included are magnetic tape and microfilm backup facilities 

and the Data Bank N&xisletter  which is used for general communications to 

contributors and users of the system.  Initially only climate-related 

samples are being accepted, bur there is a provision allowing the flexi- 

bility to incorporate other branches of dendrochronology as the opportunity 

arises.  The Newsletter  is currently received by 21 highly interested 

European and Asian dendrochronologists and by 30 additional scientists 

from other geographical areas, mostly North America. 

2. The systems definition and programming needs for the Data Bank have been 

analyzed, and a cost estimate of over $30,000 for two years has been 

obtained on the basis of the storage of site information, ring-width 

measurements, and indices, plus the development of a multivariable 

retrieval system.  Also included in the cost estimate is a storage and 

retrieval system for the climatic reconstructions which will be developed 

from tree-ring data.  Funding for the development of software for the 

International Tree-Ring Data Bank is still being sought. 

3. An official Site Information Sheet, required with all entries into the 

Data Bank, has been established by the International Tree-Ring Data 
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With this first Newsletter  the International Tree-Ring Data Bank officially 

solicits contributions.  The Daca Bank and its communication medium, the 

Newsletter,   are an outgrowth of discussion among 27 dendrochronologists in an 

International Workshop on Dendroclimatology held April '.5-26, 1974, in Tucson. 

It was agreed at that time that a central storehouse of tree-ring data from 

around the world is esse  ■'al for 1) optimal research data availability, and 

2) protection of data from Joss due to laboratories which may dissolve and 

scientists who retire. 

The purpose of this Newsletter  is to keep interested scientists informed 

on requirements of data entry, listings of data on file, and methods and costs 

involved in submitting and retrieving data. 

The International Tree-Ring Data Bank is a professional Data Bank  and some 

discretion on the quality of data entered is essential.  Therefore, all contri- 

butions to the Data Bank must meet the minimal requirements set forth in this 

and subsequent issues of the Newsletter.     All contributions to and inquiries 

concerning the ITRDB should be addressed to the Data Bank Manager at the 

above address. 

Tfiiifi 
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Figure A, cont, 

SOLICITATION AND REQUIREMENTS FOR DATA 

Initial solicitation of Data Bank entries is for climate-related materials, 

as was agreed in April. 1974.  Holdings by the Data Bank, and therefore 

requirements for entry, will consist of completed Site Information Sheets (copies 

enclosed), original tree-ring width measurements by individual radius, and 

standardized indices if they have been provided by the contributor.  Indices 

without ring widths will not  be included as a part of the official Data Bank. 

Minimum quality requirements for ring-width measurements to be entered into 

the Data Bank are that 

1) They must have a minimum length of 100 years, but 200- to 300->ear 

length is desirable. 

2) There must be a minimum number of 10 trees, per species and site, 

with two measured radii per tree.  For moderate sites 20 or more 

trees are most desirable. 

3) All materials must be calendrically dated and absolutely crossdated 

within the sample and with other data from the same area. Tkis  is 

an ABSOLUTE REQUIREMENT.     Please do not send undated material. 

It is assumed that the scientist doing the work will be the person 

supplying the materials.  Contributions of other people's work are acceptable 

if the tree site data, accuracy, and quality can be absolutely verified.  Such 

exceptions should be fully explained in an accompanying letter.  Consideration 

cannot be given to chronologies not meeting these requirements, and in many 

cases the contributor will want to apply more rigorous requirements. 

SITE INFORMATION SHEET 

The Site Information Sheet, required with all data entries,  has been 

developed and agreed upon by the official Data Bank Committee whose members 

are listed on the masthead.  Members of this committee were selected at the April 

1974 meeting.  The enclosed version of the Site Information Sheet is for use 

with samples of living trees.  Similar forms for historical, geological, 

archaeological, densitometric, and other kinds of data entries will be developed 

. _._. 
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SITE INFORMATION SHEET,  continued 

and distributed as the ITRDB expands its services and types of holdings. 

On the S.I. Sheet the contributor is able to designate his data as either 

available to all Data Bank users or available with his direct permission only. 

A signature is essential to make this designation valid.  Either classification 

can be changed by the contributor at any time.  Please use these S.I. Sheets 

as printed; more copies are available on request.  If the contributor wishes 

to include site photos and maps with the S.I. Sheet, the Data Bank has the 

facilities to store and retrieve them. 

After using the Site Information Sheet, if you find critically important 

changes or additions to be made in it, please address suggestions to the Data 

Bank Manager. 

FORMAT OF ENTRIES 

For most rapid entry at this time, submission should be on computer 

cards, using the format specified in the enclosure accompanying this Newsletter. 

At a later date the computer card format will be altered for more efficiency 

and a new sheet describing format will be sent to Data Bank users via another 

Newsletter.     If it is not possible to send data in card form, measurements 

should be tabulated by radius with clear identification number and decade 

labelings, to be keypunched at the Laboratory of Tree-Ring Research, 

preferably at the contributor's expense. 

DATA RETRIEVAL PROCEDURES 

All contributors may request use of any data held by the Data Bank, and 

such materials will be made available according to the classification of 

availability assigned by the contributor and according to the fee schedule 

' 



9P*>      .. - -    . —.       — .. 
' 

38 
Figure 4, cont. 

VOLUME 1,   NUMBER  I 

DATA RETRIEVAL PROCEDURES,  oontinued 

yet to be established.  Details of data retrieval will be discussed further 

in later Newsletters.     While the Data Bank is under development, we will not 

be able to offer retrieval for noncontributors.  Depending upon the speed of 

development and the rate of contributions, we hope to offer some limited 

services within a year. 

COSTS 

No funds have been obtained as yet for the development of the ITRDB, and 

the Data Bank must eventually become self-supporting.  Initially and on a 

lifted basis, for those with no funds but valid data, we can cover the costs 

if the data are provided in a suitably clear form.  User fees will be esta- 

blished on an actual cost basis to cover keypunching, computer costs, and 

mailing charges. 

***** 

It is hoped that with care and enthusiasm on the part of 

contributing dendrochrono logists the International Tree-Ring Data 

Bank will soon become an important source of worldwide tree-ring 

mater ia Is . 
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Bank Committee, a group of five contributors. Copies of this form were 

enclosed with the first Newsletter. 

4. Minimum requirements have been established for data to be entered into 

the Data Bank.  In addition to the requirement of a completed Site 

Information Sheet, tree-ring samples must: 

a. be replicated and absolutely dated; 

b. have a minimum length of 100 years, but 200- to 300-year length 

is desirable; 

c. represent a minimum of 10 trees per species and site, hopefully 

with two measured radii per tree.  For temperate siteö 20 or more 

trees are most desirable. 

5. Format requirements for contributed data have been established, published, 

and distributed with the first Newsletter. 

As of September, 1975, data have been received from Professor Bengt 

Jonsson of the Royal College of Forestry, Stockholm, Sweden (Arjeplog, Lapland, 

Sweden; a 422-year chronology) and from Professor Boris A. Kolchin of the 

Institute of Archaeology, Moscow, U.S.S.R. (Novgorod Excavations, a 582-year 

chronology).  Also, we have invited Dr. Ernst Hollstein, Rheinisches Landes- 

museum Trier, Federal Republic of Germany, to place his very valuable and 

extensive collection in the International Tree-Ring Data Bank.  Other European 

colloctions cited earlier in this report and the best of the ARPA chronologies 

will be placed in the Data Bank as soon as we get some sort of funding, 

formal approval, and site information where these data are now lacking. 

C.  Report on International Travels (Fiscal Year 1974-75 only) 

Two international trips were taken by the Principal Investigator under 

the auspices of the ARPA project. The first was a collecting trip, taken in 

'       _. . 
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collaboration with Jaan Terasmae of Brock University, St. Catharine's, Ontario, 

Canada, to Ungava in northeast Canada where collections were obtained in 

July-August, 1974, from several northern tree-line sites. The details of these 

collections are described earlier in this text (see Section III, Part B) and 

in the fifth technical report. 

The second trip was begun on June 30, 1975, and included: a) delivery 

of the manuscript for a book, Tree Ringe and Climate,  to the editor in London, 

b) participation in the 12th International Botanical Congress in Leningrad, 

July 3-11, c) visits to three European tree-ring laboratories, and d) parti- 

cipation in the WMO/IAMAP Symposium at Norwich, England, August 17-23. 

At the International Botanical Congress, attended by more than 5,000 

participants, a half-day symposium entitled "Bioecological Aspects of Dendro- 

chronology" was organized by T. T. Bitvinskas of Kaunas, Lithuanian S.S.R. 

and chaired by H. C. Fritts, who presented a paper himself entitled 

"Dendroclimatology." The abstract of that paper follows: 

Variations in the width of tree rings from many temperate climate 
species can be used to reconstruct past climate. This is possible 
because growth-controlling processes in the trees are often limited 
by climatic factors. Some of the unique principles and practices 
of tree-ring analysis are described, and illustrations are given 
of applications to a variety of problems of environment and climate. 
Special mention is made of new multivariate techniques which allow 
detailed reconstruction and mapping of large-scale variations in 
past climate from the variations in tree rings of western North 
America. The current status of reconstructions is summarized, ind 
their possible significance to planning for the future is diäcus»-^ 

Approximately 60 scientists participated in this symposium. Subsequently, a 

group of approximately 30 attended a luncheon hosted jy the U.S.S.R. Academy 

of Science where they discussed the possibilities and prospects for international 

collaboration. This was the first international dendrochronological meeting 

in the Soviet Union and included workers from approximately seven dendrochronological 

!  „ 
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laboratories in their country.  During the course of the meeting. D. Eckstein 

(President of the Tree-Ring Society) and H. C. Fritts (Chairman of the symposium) 

discussed some of the problems related to collaboration and officially invited 

everyone to join the Tree-Ring Society and the international effort.  The Soviet 

scientists pointed out that the biggest obstacles to their membership involve 

obtaining U.S. dollars for dues. Also, there was some concern about official 

approval of membership and their sharing of data by the Soviet Academy of 

Science.  Since that initial discussion, several moves have been made both in 

the U.S.S.R. and by the U.S. Academy of Science aimed at removing some of 

the obstacles. 

Fritts' visitations in Europe were to 1) Professors Bengt Jonsson and 

G. Sir6n in Stockholm, 2) Dr. F. Schweingruber in Zurich, and 3) Mr. H. B. 

Schmidt in Cologne. Mr. Schmidt returned the visit with a month-long stay in 

Tucson during October, 1975, and Dr. Schweingruber is planning a two- to 

three-month visit in the spring of 1976.  Both scientists are working on 

climatic reconstructions for Europe.  During Schmidt's visit we were able to 

demonstrate significant verification of reconstructions of climate made from 

German oak rings. 

From July 18 to August 17, 1975, during which time Fritts was on annual 

leave, he visited the following tree-ring scientists:  K. Lundstrom^in 

Neuchatel. Switzerland; B. Becker in Stuttgart, Federal Republic of Germany; 

and E. Hollstein in Trier, Federal Republic of Germany. On return by way of 

London, Fritts attended the WMO/IAMAP Symposium at the University of East 

Anglia and presented an informal paper similar to the one given at Leningrad. 

He also was able to discuss problems in dendroclimatology with other dendro- 

chronologists and climatologists who were attending the meeting. 



f- — -■ - — -——— . m.Mr.immim«>'>   ,, - fe,- - _ 

42 

These travels have been a significant part of the ARPA work not only 

because of the reports on current work delivered by the Principal Investigator, 

but also because of numerous discussions and agreements made for future 

collaboration and interchange.  The first portion of this section of the 

report deals with the larger significance of the travel contacts. 

 '  ..._        . ^Mtüä 
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VI. SELECTION AND STATISTICAL CHARACTERISTICS OF THE NEW TREE-RING GRID FROM 

WESTERN NORTH AMERICAN SITES 

Almost all the dendroclimatic analyses since 1967 for western North 

America have been accomplished using a 49-station grid selected by V. C. 

LaMarche and edited by Stokes. Drew, and Stockton (1973) in "Tree-Ring 

Chronologies of Western America, Vol. I.  Selected Tree-Ring Stations," 

Laboratory of Tree-Ring Research, Chronology Series  1,  University of Arizona, 

Tucson.  Since a variety of new chronologies have become available because 

of work sponsored by AFOSR 72-2406, we reexamined the available chronologies, 

selected a new and more extensive set, and analyzed their statistical charac- 

teristics.  These results and the data from the unpublished chronologies are 

included in the Appendix, 

 :    
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VII, EVALUATION OF CALIBRATION PROCEDURES 

A large portion of our paleoclimatic reconstruction in recent years has 

involved a large spatial array of climatic variables and tree-ring sices for 

which eigenvector and canonical analysis were necessary to reduce the number 

of variables.  However, there are still many situations where relatively small 

data sets are available or where simple relationships may exist for which 

the conventional multiple regression techniques are more suitable. We 

decided that a carefully designed test was necessary to evaluate the strengths 

and weaknesses of the two types of calibration procedures. 

A.  Data 

We were fortunate to obtain precipitation records throughout the western 

United States from Raymond Bradley of the University of Massachusetts.  Many 

of the records extended back to the late nineteenth century, and all had been 

screened for homogeneity.  Twenty-one of the longest climatic records were 

selected lor stations which could each be matched with nearby tree-ring sites loca- 

ted in Idaho, Wyoming, Utah, and Colorado.  The distances between the tree sites 

and climatic stations ranged from 3 to 97 km, and the differences in elevation 

ranged from 3 to 949 m.  The tree-ring statistics mentioned in the Appendix 

were compared for the chronologies, and they were ranked from high to low 

standard deviation and mean sensitivity and from low to high serial correlation. 

The mean rank was ascertained for each where "1" indicates the greatest 

amount of climatic information and "21" the least (Table V). 

The yearly total precipitation for March through June was calculated 

for each climatic station for as far back in time as data were available.  Ml 

tree-ring and climatic data were present in all sets for the years 1909-1960. 

.?■ 

 '   : '      
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TABLE V 

Statistics for 10 Tree-Ring Chronologies Which 
Calibrated Significantly with Spring Precipitation at 

Nearby Climatic Stations3 

10 
Pair Number 

Species 

Distance in km 
between site and 
station 

Rank of tree-ring 
statistics 

Subscripts of 
significant 
coefficients 

Percent variance 
calibrated 

PIEDd  PIED  PSMEd  PSME  PIED   PSME  PIPQ0  PIFL"  PSME  PSME 

97    11    43    32    40 

10 

2,5 

34    13    36    17 

Independent test 1909-1960 

18     42 

11    24 3 

4    17 11 

2   2,4 2 

22 23 

signs + 13 

signs - 7 

mean positive 

8    12    11    15 

A 
12     8     9     5 

15    13 

5b    7 11 

13 40 

1 2 

2.3 3 

51 27 

13 U 

7 9 

product 

mean negative 
product 

reduction 
of error 

0.65  0.31  2.66  1.44  0.73 2.94b 1.21b  1.26   2.11° 1.36 

0.80  0.31  1.70  1.05  0.78   0.81  0 1E   1.26   0.7 .62 

-0.29 -0.12 -0.09  0.02  0.14 

Independent test pre-1909 

0.40° 0.J/C -0.17   0.25  0.04 

signs + 

signs -        0 

mean positive 

9     3 

c 1 

11 

3 

18 

6 

3 

0 

product 1.24 4.60 0.97 

5 

4 

0.92C 

22 

3.72 

(cont.) 
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Table V (cont.) 

Pair Number 

reduction of 
error 

Verified by 
independent data 

1 10 

mean negative 
product       0.00 

0.70 

/ 

0.39 

0.34 

/ 

0.A5 

0.34 

0.25 

0.26 

1.75 

0.15 

aPreliniinary  analysis  by   Shatz   (unpublished) 
Significant 0.95 level. 
cSigiiifleant 0.99 level. 

See Ke" to Species,   page   17. 
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A total of 32 randomly selected years within this period was used for calibration. 

The remaining 20 years were set aside to provide an independent data set for 

testing the calibrations.  In addition, all years of climatic data prior to 

1909 were also set asidj as independent data to pre .   for additional verifi- 

cation and testing.  Calibrations for all 21 sites used data from the same 

32 randomly selected years. 

B.  Methods 

Two different empirical statistical models were tested.  The first was 

a multiple regression mod«i to predict precipitation during the spring of 

year t  using ring-width indices from the nearby trees for years t-1, t, t+1, 

t+2, and t+3 as possible predictors.  Stepwise regression was used for each of 

the 21 pairs and terminated when the F  value for entering a variable was 

insignificant (p < 0.95).  Alternative approaches were tested.  In one case the 

growth for year t  was forced into the regression. 

All regression equations with significant coefficients were multiplied 

by the tree-ring data to statistically estimate (reconstruct) the predictand 

(climate) for all years of the tree-ring record.  These climatic estimates 

were compared to the actual data for the 20 independent years during the 1909- 

1960 period and for years prior to 1909 for which there are climatic data. 

Three statistics which measure similarity were used to test the reconstructions. 

1.   The sign test 

The sign (+ or -) of the departure of the estimate from the calibration 

mean is compared with the sign of the actual climatic data departure from 

the same mean.  Each case where both signs are the same is tallied as a 

plus, and each case of opposite signs is tallied as a minus.  The 

N.--; -.' '■ ■ .' ^ i.- V~^.U.l'- ■.,..,.l,.:^  ^ ,,-.,:,        -.':..■. ■. .,.i,^\ * .^   \: ,^  I. ■.  ^.'ii..^....^^. i^ . 
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number of positive cases is compared with the number of negative cases. 

When more positive signs occur than would likely occur by chance (p < 0.05), 

the reconstructions are accepted as significant. 

2,   Product mean test 

The departure of each estimate from the calibration mean is multiplied 

by the departure of the actual climatic data from the same mean; the 

positive and negative products are summed separately, and the mean 

positive and negative products are each obtained.  The difference between 

the two means (mj and m2) is tested (neglecting the sign) with the t 

statistic calculated as 

m^ - m2 
t = —  

S!2   s22 
+ 

nl    n2 

where s^ and Sg2 are the corresponding variances and nj and n2 are the 

numbers of items in each sum.  If the value of t  is higher than the 

expected value at the 95% confidence level, then the reconstructions are 

considered to have been verified by statistically significant results. 

Reduction in error 

The third test, which was originally described by Lorenz (1956), is the 

most rigorous test of the three.  The computations are as follows: 

SSR 
RE = 1  

SSM 

where SSR is the sum of the squares of the differences between actual 

data and the statistical estimates, and SSM is the sum of the squares 

of the differences of the actual data from the calibration mean.  The 
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theoretical limits for values of this statistic range from a maximum 

of +1 (for perfect agreement) to a minimum value of minus infinity. 

The statistic is tested against the theoretical values expected for the 

square of a simple correlation coefficient with the same degrees of 

freedom. 

C.   Results 

The stepwise regression equations for only 10 out of 21 of the paired 

sets yielded significant regression coefficients.  The subscripts of the 

2 
variables with significant coefficients and the percent variance (R x 100) 

for the dependent data set are included in Table V.  The values for each of the 

three statistical tests on independent data sets are also tabulated, and the 

checks at the bottom of the table indicate which calibration equation held up 

on independent data at the 95% significance level. 

Six of the 10 regression estimates were verified by the independent 

climatic data.  The equations for all six of the verified regression estimates 

utilized coefficients for the ring in year t  which was produced in the summer 

following the particular spring period.  Three of the four regressions that 

did not verify did not include the ring for year t as a predictor.  This 

suggests that chance is involved because of serial correlation in the data 

so we tried forcing the variable for year t. 

It is also apparent fror, the table that eight out of the 10 sets that 

2 
had a significant R ranked 10 or higher, of the 21 original sets, in terms 

of favorable tree-ring statistics (mean sensitivity, serial correlation, and 

standard deviation [see Appmdix]).  This verifies that these selected tree-ring 

statistics can be used to identify chronologies likely to have information on 

climate. 

..     •    .. . .._ ... . 
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A comparlso„ of the statistical results as a function of site factors 

Buch as differences in .levatlon and distance between the climatic station and 

the tree sites did not show any systemic variation. Aiso. the analysis of 

logari.h»B and square roots of the cli-atic data have been completed, and 

no significant i„prove.ent In the relatlonshlr is apparent using these trans- 

formations. Analyses using oanonlcai analysis of the 10 climatic records are 

now in progress. These results also „HI be tested on independent data an 

the same fashion as outlined above. 

.Uhough the .ost important comparisons of this study (the comparisons 

of multiple regression and canonical analysis) are not yet available, the 

results do show that individual station analyses, at least as run in this 

analysis for precipitation in the spring and early su^er season, can yield 

calibrations that stand up when tested against independent data. The 

nations that are verified in the above analyses will now be used to «a.e 

precipitation reconstructions for comparisons with reconstructions of other 

parameters such as pressure. This procedure is well adapted for areas where 

only a small number of tree-ring chronologies are available for climatic 

calibration and reconstruction. We have applied these techni.ues to one 

European case. If personnel and funds are available, the same procedures 

„ill be applied to data from eastern North America, the Arctic, and other areas 

in Europe to begin the compilation of past climatic estimates in those areas 

„here historical measurements of climate are not available. 

■ 

,*:    " 
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VIII.  SOME SPECIFIC TESTS ANL APPLICATIONS 

In order to extend the application of dendrochronological techniques co 

environmental hypotheses developed outside of the Laboratory of Tree-Ring 

Research, C. Larrabee Winter conducted an experiment suggested by an hypothesis 

of Mr. Ronald Rosenberg of the U.C.L.A. Space Science Center. Mr. Rosenberg 

had hypothesized a cycle of reduced precipitation at middle latitudes in 

North America during years exhibiting high lunar-solar gravitational pull 

on the earth's atmosphere.  Since the period of the lunar-solar tidal cycle is 

18.6 years, climatic records, particularly in the western United State?, 

provide a limited experimental sample.  Therefore, tree-ring chronologies of 

several hundred years duration from drought-sensitive trees are an attractive 

source of proxy precipitation records. 

Each chronology in a network of 49 tree-ring sites in western North 

America was divided into two classes corresponding to tree rings formed 

during high or low tidal cycle years.  We hypothesized that tree-rings formed 

during a high tidal force year would be different, on the average, from those 

formed during a low tidal year if there was a relationship.  The hypothesis 

was tested using a t-test for comparison of the mean ring widths for the two 

tidal classes for each of the 49 tree-ring sites. Only five tree-ring sites 

showed significantly different means, and a chi-square test shows this result 

to be within the provision of chance.  In the interest of thoroughness, however, 

the five tree-ring sites with significant t-values were each subjected to a 

spectral analysis. None of these chronologies showed significant departures 

at the predicted frequency, 1/18.6 cycles per year, from a general red-noise 

spectrum.  Rosenberg has since refined his hypothesis and predicts reduced 

_...._        , .. : _.___. .. _ ^ . .._ ._..       .._   _...    m 
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precipitation during high-cycle years only In the Mississippi valley and the 

eastern United States.  Extensive tree-ring sampling would be required In 

those areas to validate the revised hypothesis. 

In a similar vein, corn and wheat production indices provided by 

James D. McQuigg at the L:tiversity of Missouri were regrtcsed by Winter 

against amplitudes of tree growth for the period 1910-1961. The tree-ring 

amplitudes were derived from the aforementioned 49-station network and formed 

the set of independent variables.  The wheat Indices were based upon a weighted 

average of wheat production in North Dakota, South Dakota, Nebraska, Kansas, 

and Oklahoma, and it is unclear whether the averaging process provided for 

differences between winter, spring, and durum wheat.  The corn indices were 

similarly based upon weighted averages of corn production in Iowa, Illinois, 

Indiana, Ohio, and Missouri.  In both cases McQuigg and his associates removed 

the pronounced technology trend of the last quarter century by means of a 

multiple regression equation. 

The multiple linear regression equations developed by Winter showed 

a weak, but statistically significant, relationship between both corn and 

wheat production and tree-ring amplitudes.  It is likely that crop production 

Indices defined by state and crop type, particularly in the case of wheat, 

would show a much stronger relationship to tree growth.  Such a relationship 

could provide a first approximation of the expected frequencies of occurrence 

of below normal, normal, and above normal, grain production in the United States 

based upon the extended record in tree rings. 

Yield data for winter wheat in each state west of the Mississippi were 

analyzed for anomalies following occurrences of each of the four winter climatic 

type patterns identified by Biasing (Section XII, No. 4). The results show 
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easily explainable relations)iips between patterns of climatic anomaly and 

patterns of wheat yield anomaly.  Since the winter climatic type patterns have 

already been related to. and can be reconstructed from, spatial patterns of 

tree-ring width anomaly in western North America, the existing record of harvest 

data can be reconstructed in the past and the lengthened record used to make 

probabilistic estimates of what future crop harvests may be.  The newly 

selected tree-ring grids are bein^ recalibrated with climatic data, and 

when this is complete, we :>lan to repeat the above experiment. 

ay» 
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IX.  DEVELOPMENT OF NEW SOFTWARE FOR CLIMATIC ANALYSIS 

A.  Development of New Software for Batch Processiag and Analysis 

Two basic data sets are being used extensively in the studies carried 

out under this and other grants.  The first set is monthly precipitation 

and temperature data for approximately 400 stations in the United States 

and southwestern Canada.  The second set consists of tree-ring indices for 

sites in the western United States.  These data were originally stored on 

cards, so programs were developed by G. Robert Lofgren to store and facilitate 

retrieval from magnetic tape. One such program selects a desired set of 80 

climatic stations, converts the data to seasonally averaged temperature and 

precipitation values, and stores the resulting values on another magnetic 

tape for ready access to other programs which are currently in use and which 

are described below. 

Another computer program was prepared to read each tree-ring chronology 

set from cards, to test each for continuity, sequential order, and completeness, 

and to convert each set to acceptable form on magnetic tape. Also, a second 

versatile program was developed which selects chronologies (or subsets of data 

within chronologies), reorders them, and writes them in  the desired order in 

formats usable for input data of other programs.  These programs are now 

standard tools used by the entire Laboratory of Tree-Ring Research. 

Many analyses of pressure, precipxtation, and temperature performed by 

the dendroclimatic group are best displayed in map form showing geographical 

patterns in the results.  To facilitate easy display a program subroutine 

was prepared which generates outlines of a map behind the printed climatic 

data. Maps can be developed for any defined area.  For these studies two 

areas have been defined:  1) the North Pacific, East Asia, and western 

■   . _  ___    
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North America, and 2) the 48 contiguous United States.  The geographical 

boundaries may be represented by up to four different symbols, while the station 

locations may utilize a fifth symbol.  These subroutines have become an 

integral part of a variety of programs used throughout the Laboratory. 

One particular program normalizes precipitation and temperature data for 

80 stations over the United States and southwestern Canada for the modern 

record of 1899 to 1971, calculates the departures from normal for specified 

years, and produces a mean anomaly map as well as the range of normalized 

values for each station for the years selected. 

Another computer program was prepared which types seasonal precipitation 

and temperature patterns over the United States and southwestern Canada in 

the same manner as Biasing (Section XII, No. 4) typed pressure for half the 

Northern Hemisphere and prepares a map showing the averaged normalized climatic 

anomaly for each type. 

Another program performs a two-way analysis of variance of both the actual 

and reconstructed pressure fields over a chosen grid to help identify features 

of zonality, maridianality, and blocking.  Although a shortage of manpower has 

prevented our using this program, we plan to apply it to the reconstructions 

of pressure as soon as we finish calibration and reconstructions using the 

newly formed tree-ring grid. 

A program still under development uses monthly temperature and precipita- 

tion data according to the response of the tree to climate. We plan to use 

this program to study how the climate, as the tree "sees it?" is related to 

climatic data outside the area covered by the tree sites. As was the case 

for the previously mentioned program, our staff members have been focusing 

on other more pressing work and have not been able to finish this project. 
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B.  Interactive and Text-Editing Capabilities on the DEC-10 Computer 

The remote computer terminal (Texas Instruments Model 725) which was 

provided under this grant has proved to be an extremely useful tool.  It 

has been used in conjunction with the University's DEC-10 computer system for 

two general classes of work:  1) manuscript preparation, editing, and formatting; 

2) the development of interactive programs for various types of operations 

with dendrochronological data. 

1. Manuscript preparation 

The University's DEC-10 computer contains two system programs named 

SOS and ACOLYTE which may be used for working with textual material.  SOS 

is an extremely flexible editing program which is used to enter and/or revise 

text, and ACOLYTE is a powerful formatting program which arranges the text 

according to specified format and handles automatic hyphenation.  Experience 

with these programs has shown that they can greatly reduce the total time 

required to produce a completed manuscript from the original text entry. 

The entire manuscript for the book Tree Rings and Climate  was prepared in 

this manner. 

A manual entitled User's Manual for Texas Instruments Model  725 Terminal 

and DEC-10 Computer  in preparation by Marna Ares and Emily DeWitt (Section 

XII, No. 13) describes the use of the terminal for this kind of work. 

2. Development of interactive programs 

Soon after the acquisition of the terminal, Donald W. Stevens began 

exploring the potential of interactive programming for manipulating tree-ring 

data in various ways. As our experience increased, it became apparent that 

W«ttiüSfejMAf>«fc^*,i..^^H>mM.J^, ^■■^. ■...*»«.■nHM.ri.AdlB 
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this type of programming is eminently suited to certain types of operation. 

The following FORTRAN programs have been developed: 

a.  SIPP (Site information Program Package) 

SIPP is a group of four linked programs specifically designed for storage, 

retrieval, and analysis of tree-ring site information.  It was conceived 

as a first step towards the establishment of the International Tree-Ring 

Data Bank.  The four programs allow the following operations: 

1) Creation of site information file; 

2) Revision of data included in a file; 

3) Printing of specified portions of a file; 

4) Searching files for specific types of information and performing 

statistical analysis of the information selected. 

SIPP was used for the analysis in the Appendix, and it has been shown to 

be so flexible and easy to use that the Tree-Ring Laboratory is adopting 

it for building site information files on all Laboratory chronologies.  A 

SIPP user's manual has been prepared by Donald W. Stevens (Section XII, 

No. 15) for use by Laboratory personnel. 

b.  TSCPP (Time Series Comparison Program Package) 

This group of programs allows the user to test the crossdating among 

dendrochronological series.  Three different comparison techniques and 

five ways of transforming the data are available, and the results of a 

test may be plotted on the terminal.  Thus, a user may make repeated 

runs with a given data set, but different methods, and immediately compare 

the results. 
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c. Program RANN 

This program generates any desired number of sets of 200 or more normally 

distributed positive random numbers with user-specified mean and standard 

deviation.  Each set generated is stored in a file in the computer, and 

a statistical analysis of each set is printed.  Such sets of random 

numbers are used to test a variety of analysis techniques. 

d. Program y^RBOR 

Although the development of the program was not funded by the ARPA 

grant, the availability of the remote terminal was the primary stimulus. 

ARBOR was developed as a teaching tool for use in a course entitled 

"Biological Basis of Dendrochronology.1' It is based on a paper entitled 

"A Computer Model for Cambial Activity" by B. A. Wilson and R. A. Howard 

in Forest Science,  Vol. 14, No. 1, 1968, pp. 77-90. ARBOR differs in 

detail from the model described by Wilson and Howard, but conceptually 

they are the same.  Also, of course, ARBOR is interactive. 

Briefly, ARBOR simulates cell growth, division, and differentiation 

in a single radial file of a growing tree during one growing season and 

produces output showing the numbers and types of cells, their diameters, 

wall thicknesses and relative densities, and the ring width as the season 

progresses.  All cambial activity is governed in the model by 22 parameters. 

Half of these are constants, and the remainder may vary in time.  The user 

must supply values for these parameters, and herein lies the value of ARBOR 

as a teaching tool.  The student is required to find values which will 

produce reasonable results, and, in the process, gains valuable insight 

into the conditions which affect the tree's growth. 
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SIGNIFICANCE OF THE WORK PERFORMED UNDER THIS GRANT 

The preceding pages of this report have described a many-faceted 

research effort aimed at stimulating and developing a capacity for dendro- 

climatic study on a hemisphevewide basis. 

In the beginning the focus was on the development of new ring-width 

chronologies.  This was particularly advantageous because the ARPA support 

facilitated the development of chronologies throughout the entire Labora- 

tory of Tree-Ring Research, and the final result was a doubling of the 

available chronologies in western North America, expansion into eastern 

North Mcrica, and slow, but steady, development of chronologies in the 

Arctic and in Europe.  This chronology development work has been so success- 

ful that the value of this new data is significantly greater than the 

amount of the original ARPA investment. 

In addition to the actual collection and development of chro.iologies, 

the ARPA project has greatly assisted in the development of worldwide 

interest in dendroclimatology and in the initiation of collaboration instead 

of attitudes of competition and isolate on which  were all too prevalent 

in past dendrochronological endeavors.  The details of these are covered 

in Section V. 

One major effort in part resulting from, but, more importantly, 

reflecting the value of the ARPA work is the preparation of a book entitled 

Tree Rings and Climate  written by the Principal Investigator.  This book 

will be published by Academic Press in London sometime in 1976 and will 

represent a first concerted attempt to deal with the entire subject of 

59 
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dendroclimatology.  The ARPA project work is referred to and described in 

various places throughout the book, and the general procedures of climatic 

reconstruction are developed in a systematic fashion which should further 

stimulate the international cooperative work.  The tables of contents for 

each chapter of the book are included in Section XIII of this report. 

Another major contribution of the overall ARPA support has been the 

techno]ogi- al development that has resulted.  As can be noted from Sections 

VII through X as well as the list of publications (Section XIII), a variety 

of techniques have been developed which facilitate the handling of data, the 

study of relationships, the reconstruction and verification of climatic 

estimates, and, finally, the application of reconstructions to problems of 

climate.  One important reason for the success of this technological devel- 

opment is that several high-level professional positions at the Laboratory 

of Tree-Ring Research have been supported through the ARPA contract which 

has allowed rapid progress in new theoretical and highly technical achievements. 

It is not an exaggeration to say that the level of continued support for 

three years has been a major factor in transforming dendroclimatology into 

a rigorous and sophisticated discipline which now has the capability of 

solving a variety of important problems involving past and possibly future 

changes in climate. 
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XII.  PUBLICATIONS RESULTING FROM OR HIGHLY RELATED TO THIS GRANT 

Fritts, Harold C.  1974.  Relationships of Ring Widths in Arid-Site Conifers 
to Variations in Monthly Temperature and Precipitation.  Ecological 

Monographs 44:411-440.* 

ABSTRACT 

Two multivariate techniques are described which allow one to evaluate 

ring-width growth and climatic relationships. One technique produces response 

functions which express in mathematical form the relative effect of monthly 

temperature and monthly precipitation during a 14-month period on ring-width 

variations at a given site.  Response functions are calculated for 127 coni- 

ferous tree sites in western North America. The other technique is a cluster 

analysis which is used to identify similarities among the response functions 

and to separate them on the basis of their differences.  The climatic factors, 

precipitation and temperature, for afferent months vary in their relative 

importance to ring width.  Precipitation is most important and is commonly 

directly related to growth while temperature is less important and often 

inversely related to growth.  Precipitation is sometimes inversely related to 

growth and temperature directly related to growth for sites at high altitudes, 

high latitudes, or on north-facing slopes.  Site differences appear to be 

more responsible for variations in the response functions than species differ- 

ences, although certain species such as the bristlecone pine have a more or 

less unique growth response.  Suggestions are made as to the physiological and 

environmental relationships causing the differences. Response functions allow 

assessment of the effectr. of certain climatic factors on ring width.  The 

significance of these data and techniques to dendroclimatic analysis and to 

modeling productivity of forest ecosystems is discussed. 

*Reprints enclosed in reports submitted to ARPA group. 
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Fritts, H.   C.   and T.   J.   Biasing.     197A.     Tree-Ring Analysis  and  Its  Potential 
Contribution to the Mapping of  Past Climates.     Proceedings  of the 
International  (CLIMAP)  Conference held at Norwich,  17-22 May 19/3. 
Climatic Research Unit,  School of Environmental Sciences,  University 
of East Anglia,  Norwich,  England.     Climatic Research Unit Research 
Publication No.   2. 

ABSTRACT 

The short length of many climatic records presents a major limitation 

to the study of climatic change.  However, tree-ring widths can be a useful 

source of climatic information for times before written climatic records 

were begun.  Recent developments have led to the identification of five 

common types of suramnr climate in the North Pacific sector and western 

North America.  Occurrences of each type since 1700 A.D. are estimated 

from ring-width data. 

i 
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Biasing, T. J. and H. C. Fritts.  1975.  Past Climate of Alaska and 
Northwestern Canada as Reconstructed from Tree Rings.  In Climate 
of the Arctic (Proc. 24th Alaskan Science Conf., August, 1973), Gunter 
Weller and Sue Ann Bowling, eds. , Geophysical Institute, University 

of Alaska, Fairbanks, pp. 48-58. 

ABSTRACT 

Spatial anomaly patterns of sea-level pressures over North America, 

the North Pacific, and eastern Asia in the twentieth century can be statis- 

tically calibrated with spatial anomaly patterns of tree growth in semiarid 

western North America.  Growth anomalies prior to 1900 were substituted in 

the calibration equations to reconstruct past- circulation features for the 

eighteenth and nineteenth centuries.  The success of tha reconstructions 

for the Arctic was tested against climatic data where possible and against 

the variations in growth of Arctic trees which respond to variations in 

climate.  Ten different types of tree-growth anomaly patterns were identified 

in the Arctic between 1800 and 1939.  Climatic conditions inferred from the 

growth anomalies of Arctic trees were compared to circulation anomalies over 

the Arctic as reconstructed from the arid-site trees to the south.  Both 

of these sources of information were used to infer climatic conditions for 

the period 1800-1939.  Tentative inferences are presented as to climatic 

conditions for each of five regions in Alaska and northwestern Canada in 

hope that they may be tested against other lines of evidence. 

*Reprints enclosed in reports submitted to ARPA group, 
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4.  Biasing, T. J.  1975.  Methods for Analyzing Climatic Variations in the 
North Pacific Sector and Western North America for the Last Few 
Centuries. Ph. D. Thesis, University of Wisconsin, 177 pp. 

ABSTRACT 

The investigation of summer and winter climatic variations in the North 

Pacific sector and western North America during the last few centuries is 

the subject of this study.  Analysis of monthly mean (sea-level) pressure 

data in the area of study led to the selection of July and August as 

the summer months and December, January, and February as winter. 

Some raultivariate statistical techniques for describing climatic 

variability are discussed and compared.  On the basis of the comparison, 

a non-orthogonal spatial correlation method is chosen to identify and 

describe the major types of general circulation, as reflected in anomaly 

patterns of sea-level pressure, during the twentieth century.  Five such 

anomaly type-nattems are identified for summer and four for winter. 

These are each associated ijith an assemblage of generalized weather 

patterns and a corresponding pattern of temperature and precipitation 

anomaly in the United States, as well as with a spatial anomaly pattern 

of tree-ring widths from 49 sites over western North America.  The- occurrence 

of one of these ring-width patterns for some year in the past is suggestive 

of the corresponding occurrence of the associated climatic anomaly type. 

Orthogonal eigenvectoc techniques are then selected for use in the 

development of a statistical model to estimate departure patterns of sea- 

level pressure using the ring-width departures as predictor data.  The 

model is first, calibrated using available pressure data since 1899.  The 

" '  "  ..»ini ii  i  
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model is then applied to estimate winter pressure departure patterns since 

1700 A. D,  As a means of summarizing these climatic reconstructions, the 

estimated pressure departure pattern for each winter is compared with each 

of the type-patterns using correlation coefficients as a measure of compari- 

son.  The time series of correlation coefficients between a type-pattern 

and each winter's estimated departure pattern provides an indicator of the 

occurrence, or non-occurrence, of the corresponding anomaly type through 

time.  Graphs of the time series of correlation coefficients corresponding 

to each of the four type-patterns are presented as an indicator of recon- 

structed winter climatic variations for approrimately the last two and 

one-half centuries. 

If an estimated pressure departure pattern is highly correlated with 

one of the type patterns, the simultaneous occurrence of the temperature 

and precipitation anomalies associated with twentieth century occurrences 

of that pressure type-pattern is implicitly specified.  These implicit 

estimates of temperature and precipitation anomaly are then independently 

verified using available data for the United States from the last half of 

the nineteenth century.  The climatic reconstructions are in good agreement 

with the recorded data and are found to complement and augment the findings 

of other investigators. 

.  _ .   _ ^sÄÜAlil _ _  _   
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5.  Biasing, T. J.  1974. Linear Statistical Transfer Operators.  Presented 
at the CLIMAP-ARPA-sponsored workshop on transfer functions, Madison, 
Wisconsin, April, 1974. 

ABSTRACT 

Advantages and limitations of three multivariate techniques (straight- 

forward multiple regression, regression of orthogonal"! zed variables, and 

canonical regression) are discussed for various types of applications.  All 

techniques reduce to the same thing (multiple regression) if all variance Is 

preserved.  However, variance may be eliminated by eliminati' ; variables in 

multiple regression or by eliminating transformed variables in the other two 

approaches.  It is in the elimination of unwanted variance (noise) that the 

three techniques differ.  These differences are discussed conceptually so 

as to aid an investigator in technique selection. 

i.  Cooper, C. F., T. J. Biasing, H. C. Fritts, Oak Ridge Systems Ecology Group, 
F. M. Smith, W. J. Parton, G. F. Schreuder, P. Sollins, J. Zieh, and 
W. Stoner.  1974. Simulation Models of the Effects of Climatic Change 
of Natural Ecosystems.  In Proc. of the Third Conf. on the Climatic 
Impact Assessment Program (CIAP), Feb. 26-Mar. 1, 1974, A. J. Broderick 
and T. M. Hard, eds., U. S. Dept. of Transportation, Cambridge, Mass. 

ABSTRACT 

Temperature and precipitation anomalies, suggested as possible manifesta- 

tions of climatic modification due to supersonic transport aircraft, were used 

in quantitative biological models to estimate associated anomalies in primary 

plant production.  Anomalies of tree-ring width (a measure of wood production) 

were estimated at several semiarid sites in western North America.  The 

results indicate that on sites where water stress is likely to be important, 

a decrease in temperature leads to increased productivity.  Estimated increases 

in ring width of 30% or more are common when the specified temperature anomaly 

is minus 2 or 3 degrees centigrade. 
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7.  Biasing, T. J. and H. C. Fritts.  In Press.  Reconstructing Past Climate Anoma- 
lies in the North Pacific and Western North America from Tree Rings. 

Quaternary Research. 

ABSTRACT 

Winter climatic conditions in the North Pacific sector and western North 

America are reconstructed back to 1700 A. D. from tree-ring data in western 

North America via a simple statistical model. The results are verified using 

climatic data from the last half of the nineteenth century, which is prior to 

the calibration period of the model. The results are then incorporated into 

a discussion of the climate of the last half of the nineteenth century. Some 

aspects of the climatic reconstructions back to 1700 A. D. are also discussed. 

8. Clark, N. E., Biasing, T. J., and Fritts, H. C.  1975.  Influence of Interannual 
'Jlimatlc Fluctuations on Biological Systems.  Nature 256(5515):302-305. 

ABSTRACT 

Two  totally different biological systems, growth patterns of conifers in 

western North America and the population distribution of albacore tuna along 

the west coast of North America, respond to Interannual changes in their 

respective environments during different parts of the year.  These reactions 

are linked to the same climatic change signals through large-scale atmospheric 

flow patterns and air-sea interaction processes. Since the record of one 

system (tree growth) is longer than that of the second system, variations 

in the one may be used to estimate values of the second system in the past. 

■      ._ 
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9.  Biasing, T. J.  1975.  Impacts of Natural Disturbances, Variations in 
Climate and Man's Activities.  Thirteenth Pacific Science Congreaa, 
Vancouver, B. C, Canada, August 18-30, 1975. 

ABSTRACT 

One way to analyze climatic variability is to identify characteristic 

recurrent large-scale patterns of atmospheric pressure.  An analysis of 

twentieth century data in the North Pacific region led to the identification 

of four pressure types for winter and five for summer, each type being 

an average of six highly correlated winter (or summer) pressure departure 

maps.  Those yea;s for which pressure departures were most highly correlated 

with each type were identified and analyzed to determin « associated 

departure patterns oc temperature, precipitation, and cyclone frequency. 

Associated features of agricultural responses were similarly identified. 

The pressure data were calibrated with tree growth (ring width) at 

49 stations in western North America, and the calibration was applied 

to ring-width data from prior to the beginning of the pressure record 

in order tc estimate climatic variations back to 1700 A.D.  Analysis of 

the longer record suggests that some climatic types occurred more frequently, 

and others less frequently, in the eighteenth and nineteenth centuries than 

in the twentieth and that, therefore, climatic statistics and probabilities 

of certain climatic events since 1700 A.D. are different than those 

computed from twentieth century data only. 

 J 
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10.  Biasing, Terence J.  1975.  A Comparison of Map-Patturn Correlation and 
Principal Component Eigenvector Methods for Analyzing Climatic Anomaly 
Patterns.  Fourth Conference on Probability and Statistics in Atmospheric 
Science, Tallahassee, Florida, November 18-21, 1975.  P«bliahed by 
the American Meteorological Society, Boston, Massachusetts, pp. 96-101. 

ABSTRACT 

A map-pattern correlation method is presented and used to identify 

four major recurrent type-patterns of winter sea-level pressure anomaly 

over the North Pacific s  or and western North America.  These type- 

patterns are compared with the first five principal component eigenvector 

patterns derived from the sane data.  Each type-pattern is found to be 

essentially a linear combination of two or more eigenvectors.  Therefore 

a type-pattern appear? to be a more satisfactory description of a charac- 

teristic c1imatic anomaly pattern than does an individual eigenvector. 

The role of certain mathematical constraints in principal component 

analysis is discussed in this context. 

■ik. ■ .  _    _ . __  
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11, Fritts H. C.  1975. Dendrochronology: History from Tree Rings.  In 
"Encyclopaedia Britannica 1976 Yearbook of Science and the Future 
(Dave Calhoun, ed.), pp. 196-209.  Encyclopaedia Britannica, 

Chicago, 447 pp. 

ABSTRACT 

The growth rings of gnarled and weatherworn conifers in the American 

Southwest have opened vast new possibilities in the study of the earth's 

environment. 

12. Biasing, T. J. and Kutzbach, J. E.  In preparation.  Relationships of 
La^ge-Sc.le Winter Pressure Patterns to Synoptic Scale Features and 

to Ring Widths of North American Trees. 

ABSTRACT 

A map-pattern correlation method identifies major patterns of winter 

sea-level pressure anomaly over the North Pacific region and western 

North America.  Four major type-patterns are obtained and described in 

terms of strength or displacemenc of the Aleutian Low. 

Winters featuring the best examples of each pressure type are analyzed 

for anomalies in ring widths and for characteristic synoptic features 

and associated anomaly patterns of temperature and precipitation in the 

conterminous United States.  Anomalous frequencies of weather sequences 

(including the "Krick-Elliott" weather types) are found to characterize 

winters of each pressure type, and to be related to thv. specific patterns 

of tree growth.  The results are consistent with previously published 

studies of anomalies in ring-width patterns and the response of trees to 

variations in climate. 
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13.  Ares, Marna and DeWitt, Emily.  In preparation. User's Manual for Texas 
Instruments Mod*J. 725 Terminal and DEC-10 Computer, Laboratory of 
Tree-Ring Research, University of Arizona, Tucson. 

ABSTRACT 

The Laboratory of Tree -Ring Research uses the Texas Instruments 

Model 725 terminal as a tool in manuscript preparation and text editing. 

In terms that can be understood by the neophyte, the manual discusses details 

of the operation of the terminal, the usage of the interactive DEC-10 

computer system, and the implementation cf systems text-editing and formatting 

programs.  Storage of information on computer disk and tape and printing 

of files are among other procedures described. 

14.  S-.event-, Donald.  1975.  Program ARBOR User's Manual, Laboratory of Tree- 
Ring Research, University of Arizona, Tucson. 

ABSTRACT 

This user's manual describes the model and parameters, and provides 

iastructions for using ARBOR, an interactive FORTRAN program for use 

on the DEC-10 computer system.  ARBOR is designed as a teaching tool for use 

by students in the Tree-Ring Laboratory.  The program simulates cell growth, 

division, and differentiation in a single radial file of cells in a growing 

tree during a single growing season.  The raodel requires the user to supply 

values for several parameters which control the operation, and by varying 

these parameters the user may determine their effects on the development. 

Included is a set of predetermined parameters which may be used fcr 

demonstration purposes. 

" ' " 
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15.  Stevens, Donald.  1976.  SIPP User's Manual, Laboratory of Tree-Ring 
Research, University of Arizona, Tucson. 

ABSTRACT 

This user's manual describes the program operations and provides 

instructions for the use of SIPP, a group of interactive FORTRAN programs 

for use on the DEC-10 computer system by members of the Tree-Ring Laboratory, 

These programs are designed to handle tree-ring site information and enable 

the user to perform the following functions:  1) create site information 

data files; 2) edit such files; 3) print all or selected portions of the 

files; 4) search files for specific information and perform certain 

statistical operations on the data selected. 

16.  Fritts, H. C.  In press. Tree Rings and Climate.  Academic Press, London. 

Tables of Content for each chapter follow. 

■ .. _       
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Tree Rings and Climate 

CHAPTER   1.     DENDROCHRONCLOGY AND DENDROCLIMATOLOGY 

I.      INTRODUCTION 

II.     I'TSTORICAL  BACKGROUND 

III.     SCOPE  OF  DENDROCHRONOLOGY 

A. SUBFIELDS OF DENDROCHRONOLOGY 

B. VALUE OF DENDROCLIMATOLOGY 

C. BIOLOGICAL CONSTRAINTS ON DENDROCLIMATOLOGY 

IV.  SOME BASIC PRINCIPLES AND CONCEPTS OF DENDROCHRONOLOGY 

A. THE UNIFORMITARIAN PRINCIPLE 

B. THE PRINCIPLE OF LIMITING FACTORS 

C. THE CONCEPT OF ECOLOGICAL AMPLITUDE 

D. SITE SELECTION 

E. SENSITIVITY 

F. CROSSDATING 

G. REPETITION 

H.  STANDARDIZATION 

I.  MODELING GROWTH-ENVIRONMENTAL RELATIONSHIPS 

J.  CALIBRATION AND VERIFICATION 

V.  DENDROCLIMATIC PRODECURES AND ANALYSES 

VI.  EXAMPLES OF ANALYSIS 

VII.  FURTHER DEFINITIONS AND CONCEPTS 

A. THE DOMAIN OF CLIMATE 

B. THE DOMAIN OF ENVIRONMENT 

C. THE DOMAIN OF PHYSIOLOGICAL PROCESSES 

VIII.  THE CLIMATE-GROWTH SYSTEM AND ITS DENDROCLIMATOLOGICAL SIGNIFICANCE 
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CHAPTER 2.  GROWTH AND STRUCTURE 

I. INTRODUCTION 

II. CROSS STRUCTURE 

III. THE VASCULAR CAMBIUM 

IV. GROWTH—A VARIABLE PROCESS 

V. VARIATIONS IN SHOOT GROWTH 

VI. VARIATIONS IN RADIAL GROWTH 

A. MEASURING RADIAL GROWTH 

B. DIURNAL PERIODICITIES xN RADIAL GROWTH 

C. SEASONAL PERIODICITIES IN RADIAL GROWTH 

1. Length of the Growing Season 

2. Rate of Increase In Stem Girth 

3-  Var^t10"5 in Cel1 Enlargement and Cell Differentiation 

4 •  Variations ^Celj^J:_hlnJ*lngs of Pi mis BSS4S£fiMr 

(a) Environment and Growth of 1963 

(b) Environment and Growth of 1964 

(c) Environment and Growth of 1965 

(d) Environment and Growth of 1966 

(e) Environment and Growth of 1967 

5.  Variations in (^U_Sizes_jmdJUng Widths Throughout the 

Length of the Main Stem 

VII. PHENOLOGY AND ITS RELATION TO RING GROWTH 

VIII.  SYSTEMATIC VARIATIONS IN THE WIDTH AND CELL STRUCTURE OF ANNUAL RINGS 

IX.  GROWTH OF ROOTS 

X.  SIGNIFICANCE OF GROWTH AND STRUCTURE TO DENDROCLIMATOLOGY 

_ _ 



. WM ■ ' '    ,.,,,-..*._—.  ., ...-iniiuiMiinMn. vmk;*Ui*mriBr:y-tmm*~—w  .IHII . w.^ „. ■'- " 
■ 

76 
Ti'eö Rings and Climate 

CHAPTER  3.      BASIC  PHYSIOLOGICAL PROCESSES: 
MOVEMENT OF MATERIALS AND WATER RELATIONS 

I. LIMITING FACTORS AND PLANT PROCESSES 

II. SOME GENERAL TERMS AND BASIC CONCEPTS 

III. CELL WATER STATUS 

IV. TRANSPIRATION 

V. SOIL MOISTURE 

VI. THE SOIL SYSTEM AND FACTORS AFFECTING ITS DEVELOPMENT 

VII. ABSORPTION OF WATER 

VIII. INTERNAL WATER RELATIONS OF TREES 

IX. MOISTURE STRESS AND TREE FORM 

X. SOIL FACTORS AFFECTING ROOT GROWTH, RING-WIDTH SENSITIVITY, AND 
LONGEVITY 

XI. UPTAKE OF MINERAL SALTS 

XII. TRANSLOCATION 
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CHAPTER 4.  BASIC PHYSIOLOGICAL PROCESSES: 
FOOD SYNTHESIS AND ASSIMILATION OF CELL CONSTITUENTS 

I.  INTRODUCTION 

II.  PHOTOSYNTHESIS AND RESPIRATION 

III.  SYNTHESIS OF FOODS AND ASSIMILATION 

IV.  MEASUREMENT OF PHOTOSYNTHESIS AND RESPIRATION 

V.  FACTORS AFFECTING PHOTOSYNTHESIS AND RESPIRATION 

A. LIGHT 

B. TEMPERATURE 

C. WATER 

D. COMPONENTS  OF THE  ATMOSPHERE 

E. PHYSIOLOGICAL  FACTORS 

VI.  THE ANNUAL NET PHOTOSYNTHETIC REGIME FOR A PINUS PONDEROSA ON A 
SEMIARID SITE 

VII.  SOME IMPLICATIONS OF THESE PHYSIOLOGICAL MEASUREMENTS 

VIII.  THE DISTRIBUTION OF FOODS AND INTERACTIONS WITH GROWTH 

IX.  ESSENTIAL MINERAL SALTS 

X.  GROWTH-REGULATING SUBSTANCES 

XI.  PHYSIOLOGICAL PRECONDITIONING AND CORRELATING SYSTEMS 

A. PHOTOPERIOD 

B. DORMANCY 

C. DROUGHT RESISTANCE 

D. FROST HARDINESS 

E. FROST RINGS 

F. FIRE SCARS 

XII.  CHANGES IN THE PHYSIOLOGICAL SEASONS WITH VARYING ELEVATION OF THE 
TREE SITES 
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Tree Rings and Climate 

CHAPTER 5.  THE CLIMATE-GROWTH SYSTEM 

I.  INTRODUCTION 

II.  THE ENERGY AND WATER BALANCES 

III.  SITE FACTORS WHICH CAN MODIFY THE ENERGY BALANCE 

A. TOPOGRAPHY 

B. SUBSTRATE 

C. ALTITUDE AND OROGRAPHIC FACTORS 

IV.  BIOTIC AND OTHER NONCLIMATlC FACTORS:  DENDROCHRONOLOGICAL EXAMPLES 

V.  MODELING RELATIONSHIPS IN THE RING-WIDTH AND CLIMATIC SYSTEM 

A. RATIONALE 

B. APPROACH 

C. MODEL CONSTRAINTS 

VI.  A MODEL FOR FACTORS AFFECTING CAMBIAL ACTIVITY AND HENCE RING WIDTH 

A. TEMPERATURE 

B. WATER 

C. GROWTH-CONTROLLING SUBSTANCES 

D. AMOUNTS OF BUILDING MATERIALS 

VII.  MODELING THE EFFECTS OF TEMPERATURE AND PRECIPITATION ON RING WIDTH 

A. MODEL PART A 

B. MODEL PART B 

C. MODEL PART C 

VIII.  THE CONCEPT OF THE CLIMATIC "WINDOW" 

IX.  THE CONCEPT OF THE RESPONSE FUNCTION 

X.  SUITABILITY AND LIMITATIONS OF THE GROWTH MODEL 

• ___ _._ . 
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CHAPTER 6.     THE  STATISTICS  OF RING-WIDTH 
AND CLIMATIC DATA 

I.      RELIABILITY OF MEASUREMENTS 

A. COLLECTING ADEQUATE FIELD DATA 

B. ENSURING ADEQUATE REPLICATION 

C. PREPARING THE  SPECIMENS 

D. CROSSDATING 

E. CAREFUL MEASUREMENT 

F. TESTING FOR INHOMOGENEITY OF CLIMATIC DATA 

II.  GENERAL STATISTICS 

III.  STANDARDIZATION 

IV.  FILTERING TECHNIQUES 

V.  OTHER METHODS FOR ASSESSING THE GROWTH CURVES 

VI.  ANALYSIS OF VARIANCE 

VII.  ANALYSIS OF CHRONOLOGY ERROR 

VIII.  CORRELATION ANALYSIS 

IX.  POWER SPECTRUM AND CROSS POWER SPECTRUM ANALYSES 

X.  VARIABILITY IN STATISTICAL CHARACTERISTICS OF RING WIDTHS 
AMONG SITES 

XI.  STATISTICAL CHARACTERISTICS OF RING WIDTHS WITHIN A TREä 
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Tree Rings and Climate 

CHAPTER 7.  CALIBRATION 

I.  INTRODUCTION 

II.  THE PROCEDURE OF CALIBRATION 

A. THE BIOLOGICAL MODEL 

B. THE STATISTICAL MODEL 

C. VERIFICATION 

III.  THE ROLE OF STATISTICS AND SAMPLE SIZE 

IV.  DEGREES OF FREEDOM AND THE EFFECTIVE SAMPLE SIZE 

V.  SELECTING THE STATISTICAL MODEL 

VI.  THE DIVERSITY IN VARIABLE SELECTION 

VII.  TESTING THE ASSOCIATION BETWEEN VARIABLES 

A. THE SIGN TEST 

B. SIMPLE CORRELATION 

C. CONDITIONAL PROBABILITY 

VIII.  MULTIVARIATE TECHNIQUES 

A. MULTIPLE REGRESSION AND CORRELATION 

B. REGRESSION AFTER EXTRACTING THE PRINCIPAL COMPONENTS 
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17.  Stevens. Donald.  In press.  A Computer P-gra. for Simulating Cambial 

Activity and Ring Growth. Tree-Rtng BulleUn. 

ABSTRACT 

This paper describes an interactive computer program which simulates 

daily cell growth and differentiation in a single radial file of tree cells, 

.he growth processes are controlled by 22 model parameters, half of which 

are constants, the remainder time-dependent.  The program user specifies 

the constants and tae form of the time variations desired. The program 

computes daily values for the time-dependent parameters, and applies 

these values to the calculation of cell diameters, cell division, cell- 

wall thickness, and ring width for each day of the growing season.  Output 

is in tabular and graphical form.  The tabular listing consists of the 

cell diameter at -ch position in the radial file, and for the xylem it 

also prints cell-wall thickness and a relative density for each cell. 

The graphical output plots cell diameter, wall thickness, and relative 

density vs. file position. The program was designed primarily as an 

instructional tool and has been used for this purpose with good results. 

Because of its flexibility it has potential for research, and some 

possibilities for such use are discussed. 
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18.  Fritts, H. C. and Shatz, D. J.  In press.  Selecting and Characterizing 
Tree-Ring Chronologies for Dendroclimatic Analysis.  Tree-Ring 
Bulletin. 

ABSTRACT 

A widely spaced grid of tree-ring chronologies most suitable for 

dendroclimatic analysis of western North America is selected objectively 

on the basis of 1) numbers in the sample, length in years, and site 

locations, 2) statistical characteristics of the chronologies, and 

3) correlation of chronologies with those on neighboring sites.  The 

chronology statistics are then analyzed to characterize the quality of 

the selected set.  The procedures used in this study are recommended 

for future climatic analysis to assure objectivity in the selection of 

quality tree-ring data and to allow comparisons of the statistics for 

new chronologies to the established data sets. 
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I.  INTRODUCTION AND CHRONOLOGY STATISTICS 

A large number of dendroclimatlc studies since 1967 have used a set of 

49 chronologies from western North America, referred to as the 49-site 

network, which were originally selected by V. C. LaMarche. Jr. and published 

in the first of a new chronology series (Stokes et at.,   1973).  Due to three 

years of continuing ARPA support (AFOSR 72-2406) as well as other grants 

(NSF Grant GP-4640. NFS Contract CX700050241, NFS Contract 2I01-L2-1679, and 

NSF Grant SOC 73-05490-AOZ), a large number of new tree-ring collections have 

become available from western North America. Therefore, David J. Shatz 

reexamlned approximately 600 data sets listed in the Inventory of Chronologies 

at the Laboretory of Tree-Ring Research as updated on August 28, 1974, to 

select candidates for a revised network. 

The best of the available chronologies were chosen from climatically 

sensitive sites covering the same general region as the original 49-site 

network.  The candidates had the following characteristics: 

1. The chronologies were derived from measured ring widths of a single 

species sampled from specific site localities.  The samples usually 

Included 10 or more trees with two replications from opposite sides of 

the stem of each tree making a total of at least 20 radii (cores) for 

some portion of the derived chronology. The sites were selected in such 

a way as to obtain the best spatial distribution.  In areas where coverage 

was poor and where no better candidates were available, samples of fewer 

than 10 trees and 20 cores were accepted. 

2. All materials were carefully dated, measured, and computer processed to 

obtain mean standardized ring-width indices (see Fritts, in press). 

3. All candidates began in the year 17U0 or earlier and ended after 1963. 



4.   While the sample sizes, aerial diatributions, and chronology lengths were 

utilized in selecting the candidates, often there was a surplus of mini- 

mally qualified chronologies in the well-collected areas. 

In order to maintain  liform coverage of chronologies throughout 

the entire grid and to maximize chronology quality, the following screening 

procedures were used.  Four statistics of the chronologies were compared, 

and the respective chronologies were ranked in terms of their suitability 

for use in climatic reconstruction.  The "best" chronologies were assumed 

to have:  a) highest mean sensitivity (a statistic measuring relative 

year-to-year ring-width variability, b) lowest first-order serial corre- 

lation (autocorrelation), c) highest standard deviation, and d) highest 

percent variance in the mean yearly values of the chronology (see Fritts, 

in press). Only the first three statistics were available for all cases. 

The area covered by the selected set of candidates was divided into a 

number of geographic regions varying in size and including from 10 to 20 

of the highest-ranking chronology sites.  The sizes of the regions were arbi- 

trary and usually depended upon geography and the number of high-ranking 

candidates available.  Each of the high-ranking chronologies was treated 

with a high-pass digital filter (Fritts, in press) which created a new time 

series with most of the chronology variance at wavelengths from two to eight 

years but without the lower frequencies.  Each was also treated with a low- 

pass digital filter which created another time series with most of the chrono- 

logy variance at wavelengths ranging from eight years to infinity but without 

the higher-frequency variance (Stockton and Fritts, 1971). 



Three different correlation analyses were performed on the 10 to 20 

chronologies of each region using 1) the unfiltered indices of the original 

chronologies, 2) the high-pass filtered components, and 3) the low-pass filtered 

components. In each analysis, correlation coefficients were obtained for all 

combinations of the set of 10 to 20 chronologies, and the means of correlation 

coefficients associated with a given chronology were used to assess the simi- 

larities of that chronology to others in the same region (Stockton and Fritts, 

1971).  When a site was near the margins of two or more of the selected regions, 

the chronology was analyzed as a part of each region.  The mean correlations 

for the unfiltered and the two filtered sets, the amount of variance measured 

in the high- and low-frequency components, and the ratio of high-frequency to 

low-frequency variance were used in the final selection. 

The rationale for the method is based on the principle that the more 

climate is limiting to the trees of a given region, the better the correlation 

among chronologies at all frequencies. However, the more nonclimatic factors 

unique to a particular site are highly limiting, the more the low-frequency 

variance and the less the correlation of the low-frequency component with those 

of neighboring sites (Fritts, in press).  Thus, disturbance from site factors 

such as fire, disease, and cutting is indicated by a low correlation of the 

low-frequency variance of the particular chronology with the variance in 

chronologies from neighboring sites.  In addition, the ratio of high-pass 

to low-pass variance is less. 

Correlations among chronologies can also be low if the trees on 

neighboring sites have responded to different climatic factor« (LaMarche. 

1974a) or if the climatic signal varied because of the distance or differeace 

■     ' '"mm 



In microclimates of the two sites.  In such cases, both of the correlation 

coefficients for the high-frequency and the low-frequency variances will be 

proportionately reduced.  Exceptions to the above are the temperature- ,ensitive 

chronologies at high elevations that are generally characterized by much larger 

amounts of low-frequency variance than high-frequency variance (LaMarche, 

1974a), and the low frequency variance is highly correlated from one site 

to the next because it is the result of variations in climate (see LaMarche, 

1974b). 

Therefore, the final selected chronologies include the largest and longest 

available samples providing the best available spatial coverage over western 

North America.  They also are chronologies with the highest mean sensitivities, 

standa  deviations, and percent variances in the mean chronology, and the 

lowest serial correlations.  In addition, they are those with the highest 

correlations with neighboring chronologies for both the low-frequency and the 

high-frequency components and include the highest ratios of high-frequency 

to low-frequency variance. 

The final selections include a total of 102 chronologies.  The site 

name, collector, identification number, species, location, elevation, and 

the most important available characteristics are included in Table I.  Numbers 

1 through 40, shown as triangles in Figure 1, represent all the chronologies 

which began in the years prior to and including A.D. 1500; numbers 41 through 

65, shown as open circles in Figure 1, are those beginning in the years 

A.D. 1501 through 1600, inclusive; numbers 66 through 89, shown as solid 

circles, are those chronologies beginning in the years A.D. 1601 through 

1700, inclusive.  An additional thirteen chronologies, from 90 through 102 

""I IM1"» 



TABLE  I 

Characteristics  of   the   102  Selected  Chronologies  ^-^^^^^^rstics'01111"'' 
Collectors,   Identification Number,   Species,  and Other Characteristics 

BRC      CAN        H.C.    FRITTS 

BBC      CAN        C.W.    FERGUSON   6   K.L.    PARKER 

Ä%o5 (3t.,3«o;l!35i; 4;,., »nc,;,s.j»hs.c s^.. -=.--3:^ 

ALB      CAN        C.W.    FERGUSON   6   M.L.    PARKER 
POWKRHODSF .«.,,„   ,«,,»      tq^v   1U10-1965      20C   SR:   .43   SD:    .33   MS:    .30 

ALB      CAN        C.W.    FERGUSON   6   H.L.    PARKER 
FXSHAW r    ft,niu   11^528   1371M      506Y   1<4bO:196S     40C   SR:    .43   SD:    .35   MS:   .33 
HSV,   luU   „IrVsVwl  "l   iT^ROo'cHROKOLOOIES   0,   .ESTEP»   .««IC.   VOt   , 

UA USA        C.H.    FERGUSON   C   H.L.    PARKER 
BOÖLDEB   CREEK,    WINTHROP iuf.fi.1965     2ÜC   SR-    .58   SD:    .26   HS:    .20 

OR USA H.L.    PARKER 
LAKEVIEH on,««   iflsaN     5UUY   1421:1964     2ÜC  SR:   .58 SD:   ..2   NS:   .16 

JJrSS   "■»   ,««:6"t»"u   l!    '^""-.ING'CH.OHO.C^ES   OF   »ESTE,, ..«IC,   .C   . 
MT USA        C.H.    6   E.B. FERGUSON 

JJeU »EEO ;„;-;„--; ^rEl^rc^^^Es2^ ^^; ISUl'cl.:%oL^ 
MT   USA   C.W. FERGUSON & M.L. PARKER 

SPRINGDALE .,,...  cav 1U95.1465  19C SR- .34 SD: .34 MS: .34 

MT   USA   C.H. FERGUSON 6 M.L. PARKER 

HY   USA   C. FERGUSON 6 D. DESPAIN 
OEAD INDIAN KILL       ,„,-„ ..,,-  ft7?Y 1300-1971  19C SR: .58 SD: .28 MS: .37 

HY   USA   C.W. FERGUSON 
GROS VENTPE fi UHL HILL        ,,.,„„  CTOV lunn-IQTI  24C SR- .58 SD: .38 MS: .24 
\?Mt HV» i?,T'ES

,:2N
P„L,0^"4rE,E%I^

2^S!-™,oE^^[;.1T:c ».»».- ,9,6 

HY   USA   HARSHA, STOCKTON 6 JACOBY 

HY   USA   C.H. FERGUSON & M.L. PARKER 

USA   H.A. STOKES 6 T.P. HARLAN 

m   USA   M.A. STORES f. T.P. HARLAN 
NEW NORTH PARK ^ ,._ qR.  c, SD: . J9 MS: .33 

*See Key to Species, page 11. 

  



Table   I,   cont. 

EAGLE   EAST CO USA (I.A.    STOKES   6   T.P.    HARLAN 
113624   PIED      17    jyUOS   1Ü643W   216*H     65U   1314:1964      22C   SR:   .39   SD:    .30   MS:    .29 
A7.:1H0   ;JL:20    NOTRS:    PIIBL.    TN   »TREE-RING   CHRONOLOGIES   OF   WESTERN   AHEHICA",    VOL   1 

SALTr)A CO USA M.A.    STOKES   6   T.P.    HARLAN 
SC45U7   PS1E      18    3829N   105S6H   21'.UM      637y   1328:1964      13C   SR:   .33   SD:    .37   MS:    .38 
A7.:360    SL:3')   NOTES:    Ptl BL.    IN   »TPKE-HING   CHRONOLOGIES   OF   WESTERN    AMERICA",    VOL   1 

ANTONITO co        us*        "•*•    STOKES   6   T.P.    HARLAN 
530547   PSME      19    J704N    10611«   2621M     6b8Y   1298:1965     29C   Sfi:   .41   SD:    .48   MS:    .47 
AZ:180   SL:22   NOTES:    PUBL.    IN   "TREB-BING   CHRONOLOGIES   OF   WESTERN    AMERICA",    VOL   1 

BOBCAT   CANYON CO DSA DEAN,    ROBINSON   6   BOWDEN 
061099   PSMF      20    3710N   10H31W   2042W      5o2Y   1390:1971      18C   SR:   .27   SD:    .42   MS:    .45 
A7:    45   SL:45   MOTES:    PUB.    IN   "TREE-RING   CHBON.    FOR   DENDROCL1MATIC   ANALYSIS"    1976 

SCHULMAN   OLD   TREES,    MESA   VERDE CO USA        SCHULMAN,    NICHOLS   S   SMITH 
532547   PSME      21    3712N   10830»   2103M      514Y   1450:1963      34C   Sfi:   .21   SD:    .47   MS:    .58 
A7:360   SL:45   NOTES:    PlfBL.    IN   "TREE-RING   CHRONOLOGIES   OF   WESTERN   AMERICA",    VOL   1 

NINE   MILE   CANYON    (HIGH) UT USA M.A.    STOKES   &   T.P.    HARLAN 
123549   PSME      22   3947N   HOISi   1920H      771Y   1194:1964      20C   SR:   .44   SD:   .45   MS:    .42 
AZ:   90   SL:41    NOTES:   PUBL.    IN   "TREE-RING   CHRONOLOGIES   OF   WESTERN   AMERICA",    VOL   1 

LA   SAL   MTNS,   SITE   A "T USA        J.B.   HARSHA   f.   C.W.    STOCKTON 
285620   PIED'    2i   3830N   10915W   2323M     484Y   1489:1972      18C   SR:   .41   SD:    .35   MS:    .34 
A?.:      0   SL:    0    NOTES:    PUB.    IN   "TREE-RING   CHRON.    FOR   DENDHOCLIMATIC   ANALYSIS"    1976 

KANE   SPRINGS OT USA        J.S.    DEAN   C   D.O.    BOWDEN 
12300C   PIED      24    il32*   10954W   1966M      527Y   1445:1971      20C   SB:    .36   SD:    .35   MS:    .35 
A7:    7C   SL:10   NOTES:    PUB.    IN   "TREE-RING   CHRON.    FOR   DENDROCLIM ATIC   ANALYSIS"    1976 

WHITE   CANYON   T. UT USA        J.S.    DEAN   G   D.O.    BOWDEN 
141C08   PSME      25   3737N   11001«   1859H      494Y   1479:1972      20C   SB:    .44   SD:    .41   MS:    .38 
A7:345   SL:55   NOTES:    PUB.    IN   "TBEE-RING   CHRON.    FOR   DENDROCLIMATIC   ANALYSIS"   1976 

NAVAJO   MOUNTAIN UT USA        J.S.    DEAN   6   D.O.    BOWDEN 
133099   PIED      26    3701N   11051«   2286M      503Y   1469:1971      2ÜC   SR:   .22   SD:    .41   MS:    .49 
A7:270   SL;45   NOTES:    PUB.    IN   "TREE-PING   CHRON.    FOR   DENDROCLIMATIC   ANALYSIS"    1976 

WATER   CANYON UT USA        M.A.    STOKES   6   T.P.    HARLAN 
130629   PIPO      27   374GN   112C6W   2000M     629Y   1336:1964      18C  SR:   .52   SD:    .26   MS:    .22 
A7,:999   SL:99    NOTES:    PUBL.    IN   "TREE-RING   CHRONOLOGIES   OF   WESTERN   AMERICA",    VOL   4 

HILL    10842,   SNAKE   HANGE NV USA V.    LAMARCHE   f.   C.    FERGUSON 
027519   PILO      28   3B57N   11413W   2926M   1967Y 1:1967      12C   SR:    .37   SD:    .28   MS:    .27 
AZ:180   SL:30    NOTES:   PUBL.    IN   "TREE-RING   CHRONOLOGIES   OF   WESTERN   AMERICA",    VOL   3 

CHARLESTON    PEAK,    H-17   SAD NV USA        C.W.    FERGUSON 
042510   PILO      29    3617N   11538W   3048M     999Y      966:1964      14C   SP:   .46   SD:    .32   MS:    .26 
A7:999   SL:9q    NOTES:    PUBL.    IN   "TREE-RING   CHRONOLOGIES   OF   WESTERN   AMERICA",    VOL   3 

SUSANVILLE CA USA H.C.    FRITTS 
760008   PIPO      30   4029N   12033W   1828M     479Y   1485:1963     24C   SR:   .48   SD:   .34   MS:    .29 
A7,:999   SL:99   NOTES:    PUBL.    IN   "TREE-RING   CHRONOLOGIES   OF   WESTERN   AMERICA",    VOL   3 

LOG   CABIN   MINE,    TIOGA   PASS CA USA        C.W.    FERGUSON 
048579   PIJE      31    3757N   119r9W   2590M     661Y   1304:1964     25C   SR:    .54   SD:   .24   MS:    .19 
AZ:225   SL:27   NOTES:    PUB'..    IN   "TREE-RING   CHRONOLOGIES   OF   WESTEBN   AMERICA",    VOL   3 

WHITE   MOUNTAINS CA USA        E.   SCHULMAN   6   H.C.    FRITTS 
995517   PILO      32    3725N   11810W   3108M   1164Y     800:1963     44C   SH:    .24   SD:    .35   MS:    .40 
A7,:202   SL:37   NOTES:    PUBL.    IN   "TREE-RING   CHRONOLOGIES   OF   WESTERN   AMERICA",    VOL   1 

SAN   GORGONTO CA USA        R.   TOSH 
323598   PIFL      33   3406N   11650W   3048M   2012Y      -42:197C      32C   SR:    .55   SD:    .25   MS:    .20 
AZ:999   SL:99   NOTES:    PUB.    II»   "TREE-RING   CHRON.    FOR   DENDROCLIM ATIC   ANALYSIS"    1976 



Table   1,   cont. 

scnmiRRN CM.IFOKNIA cfc      us»      ^,|!?Gl,tt5 SD,   .m   HS:   .11 

llf"? rj0o JOT«!"».
1
."

3
» "»".-.".rcJ'ÄSies or ..STBR» .»E..C.". VO!. . 

AZ USA        5CHULMAN,    DEAN   £    BOWDEH 
BETATAKIN   CANYÜN   I. *' ; -,„      „- 33   SD.    ,47   Ms:    .52 

A7 USA M.A.    STOKES 6   T.P.    HARLAN 
DEFIANCE   WEST m7<4:1965      18C   SK:   .40 5D:    .45   MS:    .46 

HTll   sTlB    NOTESrSaBU^;   ^HEE-R^^ciHOHÖLOGIES   OF   «ESTEHN .«EHIC*«.    VOL   1 
NH USA DEAN   BOWDEN ROBINSON,    BURNS 

NM USA        ROBINSON,    BURNS   6   DEAN 
ECHO   AMPHITHEATER   T. ilAP.iqT?      20C   SR-    .41   SD:    .56   MS:    .49 

S„   PED.o   -TT,   ,.0., 523T   B»     ««       STO..S     --'-«-.„ 

BRC      CAN H.C.    FPITTS 

ALB      CAN        C.W.    FERGUSON   &   M.L.    PARKER 

OR USA M.L.    PARKER 
PAULTNA . *, .   i^aciTu   1111-      I7SY   1S91-1965     2ÜC  SP:   .60   SD:   .28   MS:    .21 
IZZl   I™,   HAllVA?"   "AllAlVcllll-olll^S   OP   .ESTE»»   m»».,   VO.   5 

KRTCHUM   6   WARM   SPRINGS ^ USA        ^-J!-    "RG"^0^ 30   MS.       24 5j^nir,,^^rNj";r4^BIro^^:irB
5
0^orL„^c^.L:Ls".-,,76 

TD USA        C.W.    &   E.B.    FERGUSON 

MT USA        C.W.    FERGUSON   6   M.L.    PARKER 

cr\ riQA Hf"       FRTTTS 

WY USA        M.A.    STOKES   6   T.P.    HARLAN 
ALCOVA   ^SERVOIRj.A ^44:1964     20C   SR:   .48   SD:   .34   MS:   .30 

TMl   11*20   llAlVlvTll   .1.?R9
EE-R^GYCHRONOLOGIES   OF   «ESTERN    AMERICA".    VOL   1 
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Table   I,   cont. 

OWL   CANYON CO USA H.C.    FBITTS   6   R.L.    HOLIES 
533009   PIED      SI   UOUSN   10511W    l»i^9H     '♦ISY   1530:1961      2ÜC   SR:   .45   SD:   .33   MS:   .32 
AZ:    90   SL:20   NOTES:    PUBL.    IN   "TREE-RING   CHHONOLOGIES   OF   HESTERS   AMERICA",    VOL   1 

HORSETOOTH   SUMMIT CO USA H.C.    FRITTS   S   R.L.    HOLMES 
522009   P3ME      52   UOIUN   10512H   2072M      3H5Y   15B0:196a        8C   SB:   .32   SD:    .31   MS:    .29 
AZ:    22   SLl31   NOTES:    PUBL.    IN   "TREE-RING   CHRONOLOGIES   OF   WESTERN   AMERICA",    VOL   1 

CLARK   MOUNTAIN CA USA C.    FERGUSON   E   P.    MEHHINGEB 
085650   ABCO      53   3532N   1153511   2195M      373y   1596:1968      IOC   SR:   .38   SD:    .38   MS:    .40 
AZ:360   SL:U5   NOTES:    PUBL.    IN   "TPER-BING   CHRONOLOGIES   OF   HESTEBN   AMERICA",    VOL   3 

DINNFBITO   VASH   I, A7, USA        J.S.    DEAN   S   V.C.    LAMARCHE 
113099   PIED      54    361CN   11030W   1920M      405Y   1567:1971      22C   SR:   .40   SD:   .47   MS:    .50 
AZ:999   SL:10   NOTES:    PUB.    IN   "TREE-RING   CHRON.    FOR   DENDBOCLIMATIC   ANALYSIS"    1976 

DEFIANCE   EAST AZ USA M.A.    STOKES   6   T.P.    HARLAN 
159640   PIPO     55   3550N   10907W   2316M     412Y   1554:1965      16C   SR:   .33   SD:    .50   MS:   .57 
AZ:      0   SL:    0   NOTES:    PUBL.    IN   "TREE-PIN3   CHRONOLOG'ES   OF   WESTERN   AMERICA",    VOL   1 

SHOW   LOW AZ USA        J.S.    DEAN   6   D.O.    BOHDEN 
232000   PIPO     5b   3415N   10949W   2073H      377Y   1596:1972      24C   SR:   .56   SD:    .55   MS:    .52 
A7:    25   SL:35   NOTES:    PUB.    IN    'TREE-RING   CHPON.    FOR   DENDROCLIMATIC   ANALYSIS"    1976 

SANTA   CATALINA   MTNS AZ USA T.P.    HARLAN 
139549   P3MF      57    3225N   11046W   2773M     443Y   1526:1968      23C   SR:   .54   SD:    .34   MS:    .26 
AZ:i60   51:10   NOTES:    PUB.    IN   "TREE-RING   CHRON.    FOR   DENDROCLIMATIC   ANALYSIS"   1976 

DITCH   CANYON NM USA DEAN,    ROBINSON   S   BOHDEN 
012000   PIPO      58   3700N   10749W   2073M     417Y   1555:1971      24C   SR:   .51   SD:    .40   MS:    .36 
A7:135   SL:15   NOTES:    PUB.    IN   "TREE-RING   CHRON.    FOR   DENDROCLIMATIC   ANALYSIS"    1976 

EL   HORRO   T. NM USA J.S.    DEAN   S   W.    WOOLFENDEN 
292099   PIPO      59   35C2N   10821W   2225H      437Y   1536:1972      22C   SR:   .44   SD:    .55   HS:    .56 
AZ:   45   SL:25   NOTES:    PUB.    IN   "TREE-RING   CHRON.    FOR   DENDROCLIMATIC   ANALYSIS"    1976 

TURKEY   SPRINGS NM USA DEAN   HOOLF'N   ROB'SON,    BURNS 
272000   PIPO     60   3524N   10831«   2477M     378Y   1595:1972     26C  SR:   .45   SD:   .51   MS:   .53 
AZ:295   SL:30   NOTES:    PUB.    IN   "TREE-RING   CHPON.    FOR   DENDROCLIMATIC   ANALYSIS"    1976 

PAINY   MESA NM USA        C.H.    STOCKTON 
194000   PSME     ^.1    3335N   10835W   2741M      448Y   1520:1967      20C   SR:    .34   SD:    .37   MS:    .36 
A7:   90   SL:30   NOTES:    PUBL.    IN   "TREE-RING   CHRONOLOGIES   OF   WESTERN   AMERICA",    VOL   2 

HOPFORD   LOOKOUT NM USA M.A.    STOKES   6   T.P.    HARLAN 
529547   PSME      62   3259N   10542W   2773M     451Y   1515:1965      13C   SR:   .49   SD:    .34   MS:    .29 
AZ:360   SL:    4    NOTES:    PUBL.    IN   "TREE-RING   CHRONOLOGIES   OF   WESTERN   AMERICA",    VOL   1 

ORGAN   MOUNTAINS NM USA STOKES,   NAYLOR   6   HARLAN 
014549   PSME     63   3221N   10633W   2499M      374Y   1597:1970      12C   SR:   .27   SD:   .31   MS:    .29 
AZ:999   SL:91    NOTES:    PUBL.    IN   "TREE-PING   CHRONOLOGIES   OF   WESTERN   AMEETCA",    VOL   2 

SIERRA   DEL   NIDO   »B« CHI      MEX T.H.    NAYLOR 
269547   PSME      64   2931N   10649W   2286M      403Y   1569:1971      11C   SR:   .37   SD:    .32   MS:    .30 
A7:360   SL:60   NOTES:    P!I"T..    IN   "TREE-RING   CHRONOLOGIES   OF   WESTERN   AMERICA",    VOL   6 

SIERRA   MADRE/EL   SALTO   WEST DÜH      MEX STOKES,    HARLAN   6   HOLMES 
531547   PSME      b5   2320N   10536W   2621M      374Y   1592:1965      36C   SR:   .43   SD:    .20   MS:    .18 
AZ:180   SL:15   NOTES:    PUBL.    IN   "TREE-RING   CHRONOLOGIES   OF   WESTERN   AMERICA",   VOL   1 

PIPESTONE   CANYON WA         USA        C.H.    FERGUSON   &   M.L.    PARKER 
067540   PSME     66   4B25N   12003W 914M     267Y   1700:1966      20C   SR:   .51   SD:    .36   MS:    .29 
A7:999   SL:99   NOTES:    PUBL.    IN "TREE-RING   CHRONOLOGIES   OF   WESTERN   AMERICA",   VOL   5 

BUTTE MT         USA        C.H.    FERGUSON   6   M.L.    PftRKEH 
0215U0   PSME     67   455CN   11221H 1676M     278Y   1688:1965      14C   SR:   .29   SD:    .44   MS:    .45 
AZ:999   SL:99   NOTES:    PUBL.    IN "TREE-RING   CHRONOLOGIES   OF   WESTERN   AMERICA",    VOL   5 



Table   1,   cont. g 

SPANISH   CBMK nT USA FEfiGUSON,    DESPAIN   6   HOUSTON 
»175*0   PSHB     6a   U527N   11118«   182911     3a9Y   1623:1971      20C   SH:   .33   SD:   .36   MS:   .36 
AZ-999   SL'99   NOTES:    PUB.    IN   "TREE-BING   CHBON.    FOR   DENDBOCLinATIC   ANALJSIS"    1976 

USA N.A.   STOKES   6   T.P.    HARLAN 
1066U0   PIPO 69   «222N   1Ü651W   21fl8n      355Y   1610:196U      1UC   SR:   .38   SD:   .25   «S:    .24 
A7.:999   SL:9q NOTES:    PUB.    IN   "TREE-RING   CHRON.    FÜR   ÜENDROCLIMATIC   ANALYSIS"   1976 

BIG   THOMPSON co 0SA H-C-    PR11"15   e   B-L-    "OLBES 
U92000   PSriE 70   402eiN   10517H   1890n     265Y   1700:196U      2ÜC   SR:   .25   SD:    .HO   HS:    .HI 
A7:360   SL:U5 NOTES:    PUB.    TN   "TREE-RING   CHRON.    FOR   DENDBOCLIMATIC   ANALYSIS"   1976 

ESCALANTE   FORKS CO USA H.A.    STOKES   6   T.P.    HARLAN 
119620   PIED 71   384ÜN   10Ü20W   1859N      325Y   1640:196»«      2ÜC   SR:   .22   SD:   .3'*   MS:    .38 
A7-999   SL'99 NOTES'   PUBL.    IN   "TREE-RING   CHRONOLOGIES   OF   HESTEBN   AflEBICA",    VOL   4 

(IINTA   MOUNTAINS ÜT USA STOCKTON,    HAFSHA   6   JACOBY 
779540   PSME      72   4034N   10957W   2286M      337Y   1635:1971      18C   SR:   .55   SD:    .40   MS:    .34 
AZ:315   SL:45   NOTES:    PUB.    IN   "TREE-RING   CHRON.    FOB   DENDBOCLIMATIC   ANALYSIS"    1976 

PIC   HASH   EAST NV USA        C.H.    FERGUSON   &   H.L.    PABKER 
043630^1(10^73    3853N    11410H   2103M      353Y   1612:1964      20C   SR:   .26   SD:   .35   MS:    .38 
AZ'135   SL'18   NOTES:    PUBL.    IN   "TREE-RING   CHRONOLOGIES   OF   WESTERN   AMERICA",    VOL   1 

LITTLE   WHISKEY   PLAT 
030630   PIED      74   3813N    11840W   2256n      351Y   1614:1964      20C   SR:   .39   SD:    .57   MS:    .61 
AZ:999   SL:99   NOTES:   PUBL.    IN   "TREE-RING   CHRONOLOGIES   OF   «ESTERN   AMERICA",    VOL   3 

BT.   TRUMBULL   'A-    S   TUHEEP AZ USA M.A.   STOKES   ß   T.P.    HARLAN 
521629   PIED      75   3628N   113C8W   1798M     345Y   1620:1964      16C   SH:   .41   SD:    .37   MS:    .35 
»7:999   SL:99    NOTES:    PUB.    IN   "TREE-RING   CHRON.    FOR   DENDROCLIMATIC   ANALYSIS"    1976 

BOTOHB   RfirK AZ "SA DEAN   ROBINSON   BOHDEN.    BURNS 
083099   PIED     76    3606N   10921W   1890n      371Y   1601:1971      34C   SR:   .30   SD:   .40   MS:   .44 
A7:360   SL:30   NOTES:    PUB.    IN   "TREE-RING   CHRON.    FOR   DENDROCLIMATIC   ANALYSIS"    1976 

MPDILTNE   VALLEY *Z 0S*        J-S'    DEAi<   6   D-0-    B0MDEN      ,, 
2225oö   PIPO     77    3524N   11135W   2190M      294Y   1679:1972      20C   SR:   .38   SD:    •«   «Sj   .4* 
AZ:   20   SL:33   NOTES:    PUB.   IN   "TREE-RING   CHRON.    FOR   DENDROCLIMATIC   ANALYSIS"    1976 

q      P     MOUNTAIN   I AZ        USA        J-S-   DEAN   &   D-0-    B0MDEN 

261099   PIED     78   3535N   11139H   2042M      284Y   1689:1972      20C   SR:   .42   SD:    .46   MS:    . 
A7:270   SL'IO   NOTES:    PUB.    IN   "TREE-RING   CHRON.    FOR   DENDROCLIMATIC   ANALYSIS"    19 

rR»c:cHnPPFR AZ USA        J.S.    DEAN   6   R.L.    WARREN 
022000   PIPO     79   3404N   11035W   1798K     330Y   1642:1971     28C  SR:   .50   SD:   .47   «S:   .48 
AZ-360   SL-    5   NOTES:    PUB.    IN   "TREE-RING   CHRON.    FOR   DENDROCLIMATIC   ANALYSIS"   1976 

46 
76 

ALPINE AZ USA        C.W.   STOCKTON 
191.Of    PSME      80   3354N   10908W   2743M      302Y   1666:1967      20C   SR:   .40   SD:    "^   MS:    .46 
AZ:999   SL:99    NOTES:    PUBL.    IN   "TREE-RING   CHRONOLOGIES   OF   WESTERN   AMERICA",    VOL   2 

NANTAK   GAP 
1 
A 

USA T.P.    HARLAN   6   M.L.    PARKER iNT.K   rAp AZ USA T.P.    HARLAN   b   M.L.    t'AttRt« 
65540   PSME      «1    3318N   10945W   2C27M      317Y   1650:1966      20C   SR:   .44   SD:    .34   MS:    .29 
7'999   SL'99   NOTES'    PUBL.    IN   "TREE-RING   CHRONOLOGTES   OF   WESTERN   AMERICA",    VOL   2 

T.P.    HARLAN   6   K.    SCHWAB riARK   PEAK   SADDLE AZ USA 
1B9540   PSME'    82   3241N   10959W   26a2M      33aY   1630:1967      18C   SR:   .49   SD:    .34   MS:   .30 
AZ:"    0   SL:    0   NOTES:    PUBL.    IN   "TREE-RING   CHRONOLOGIES   OF   WESTERN   AMERICA",    VOL   2 

SAN"A   RITA    IHIOH» AZ USA        STOKES,    HARLAN   6   FELLOWS 
179540   PSME      83   3143N   11051W   2438M      322Y   1645:1966      18C   SR:   .52   SD:   .32   MS:   .26 
A7.:999   SL:99   NOTES:    PUBL.    IN   "TREE-RING   CHRONOLOGIES   OF   WESTERN   AMERICA",   VOL   2 

USA DEAN,    ROBINSON   6   BOWDEN PUEBLITO   CANYON NM USA DEAN,    ROBINSON   b   UUWUtN 
071000   PSME      84   3642N   10720W   2073M      329Y   1643:1971      24CSR:   .31   SD:    '^   «St   .51 
A7-360   SL'30   NOTES:    PUB.    IN   "TREE-RING   CHRON.    FOR   DENDROCLIMATIC   ANALYSIS"    1976 



lü 
Table  1,  cont. 

FOX   NOUNTAIH NH        USA        C.W.    STOCKTON 
193000   PSHE      8S    3402N   10HU5W   2713«      340Y   1628:1967      20C   SR:    .3tt   SD:    .38   HS:    .36 
A7:1Ö0   SL:30   NOTES:   PIIBL.    IN:    PAPEBS   OF   THE   LAB.    OF   TREE-RING   BES.,   15,    1975 

STEPRA   HADRE/RANCHO   ESCONDIDO CHI      NEX STOKES,    HARLAN   6   HOLHES 
534647   PIPO      86   301CN   10815H   2133H      3J6Y   1630:1965      38C   SE:   .25   SD:   .32   HS:    .34 
A7:360   SL:25   NOTES:    PUBL.    IN   "TREE-RING   CHRONOLOGIES   OF   «ESTERN   ArEBICA",   VOL   1 

BIG   BEND/   BOOT   SPRINGS TX USA B.A.    STOKES   6   T.P.    HARLAN 
1S5S40   PSHE      87   2915N   10318«   1981«      335Y   1631:1965      14C   SB:    .38   SD:   .58   HS:   .57 
AZ:360   SL:29   NOTES:   PUBL.    IN   "TREE-BING   CHRONOLOGIES   OP   «ESTERN   AHEBICA",   VOL   1 

SIERRA   DEL   CARHEM COA      HEX CM.    STOCKTON   6   «.A.    STOKES 
271540   PSHE     88   2856N   10237«   2042n     297Y   1675:1971      16C   SR:    .50   SD:   .38   MS:   .34 
A7:999   SL:99   NOTES:    PUB.    IN    "TBEE-BING   CHRON.    FOB   DENDROCLIHATIC   ANALYSIS"   1976 

SIERRA   riADRE/TBES   RIOS CHI      HEX STOKES,    HARLAN   6   HOLHES 
167649   PIPO     89    302CN   10830«   2347N      330Y   1636:1965      21C   SR:   .27   SD:    .30   HS:    .29 
AZ:999   SL:99   NOTES:    PUB.    IN   "TRSE-RING   CHBON.    FOR   DENDBOCLIMATIC   ANALYSIS"   1976 

TURKEY   CREEK AZ        USA        T.P.     lARLAN   6   H.L.   PARKER 
163620   PIED     90    3323N   10947«   1859(1     267Y   1700:1966      20C   SR:   .43   SD:   .37   HS:    .33 
AZ:999   3L:9q   NOTES:   PUBL.    IN   "TRFE-RING   CHHONOLOGIES   OF   «ESTERN   AHEBICA",   VOL   2 

CIENEGA A7.        USA        H.L.    PARKER   6   T.P.   HARLAN 
164640   PIPO     91   3318N   10944«   1890H     306Y   1661:1966     20C   SR:   .38   SD:   .26   HS:   .25 
AZ:999   SL:99   NOTES:    PtIBL.    IN   "TREE-RING   CHRONOLOGIES   OF   «ESTERN   AHEBICA",   VOL   2 

BÖSE   PEAK AZ USA H.A.    STOKES   £   T.P.    HARLAN 
162640   PIPO     92   3223N   10922«   2316«      306Y   1660:1965      14C   SR:   .57   SD:   .47   HS:   .36 
AZ:99t)   SL:99   NOTES:    PUBL.    IN   "TREE-RING   CHRONOLOGIES   OF   «ESTERN   AHEBICA",    VOL   2 

OAK   CREEK    (APACHE   RES.) AZ        USA        J.S.    DEAN   &   B.L.   HABBEN 
033000   PIED     93   3403N   11040H   1707n     277Y   1695:1971      22C   SF:   .44   SD:   .34   MS:   .32 
A7:315   SL:30   NOTES:    PUB.    IN   "TREE-BING   CHRON.    FOR   DENDROCLIHATIC   ANALYSIS"   1976 

SALT   RIVER   DRAH AZ        USA        J.S.    DEAN   6   B.L.   «ABBEN 
042000   PIPO     94   3403N   11039W    1817«     295Y   1677:1971      20C   SH:   .61   SD:   .58   MS:    .51 
Ä7:315   SL:    7   NOTES:    PUB.    IN   "TBEE-PING   CHRON.    FOR   DENDBOCLIMATIC   ANALYSIS"    1976 

CROSS   CANYON AZ USA J.S.    DEAN   E   H.J.    ROBINSON 
252000   PIPO     95   3540N   10920W   2195H      362Y   1611:1972      22C   SR:   .46   SD:   .41   MS:   .39 
A7:360   SL:    0   NOTES:    PUB.    IN   "TREE-BING   CHRON.    FOB   DENDROCLI«ATIC   ANALYSIS"    1976 

DEFIANCE   PLATEAU AZ        USA        J.S.   DEAN   6   R.   L.   «ARREN 
243000   PIED     96    3542N   10922W   2134M     353Y   1620:1972      20C   SR:   .40   SD:   .44   MS:    .47 
AZ:999   SL:    5   NOTES:    PUB.    IN   »TREE-RING   CHRON.    FOB   DENDROCLIM AT IC   ANALYSIS"   1976 

SPTDE"   ROCK,   CANYON   DE   CHELLY AZ        USA        J.S.    DEAN   6   H.J.   ROBINSON 
OSlOuO   PSME     97   3606N   10921«   1890M      375Y   1598:1972      26C   SR:    .52   SD:   .41   MS:   .36 
AZ:360   SL:30   NOTES:    PUB.   IN   "TREE-RING   CHBON.    FOR   DENDROCLIMATIC   ANALYSIS"   1976 

CANYON   DE   CHELLY AZ USA J.S.    DEAN   6   H.J.   ROBINSON 
091000   PSHE     98   3606N   10923«   1829«     597Y   1376:1972      15C   SR:   .48   SD:   .29   HS:   .25 
A7:315   SL:35   NOTES:   PUB.   IN   "TREE-RING   CHRON.   FOR   DENDBOCLIMATIC   ANALYSIS"   1976 

ROBINSON   HTN.    I. AZ USA        J.S.    DEAN   6   D.O   BO«DEN 
212000   PIPO     99   3524N   11132«   2225H      362Y   1611:1972      20C   SB:   .32   SD:   .37   MS:    .39 
A7:3fi0   SL:    3   NOTES:   PUB.    IN   "TREE-BING   CHRON.    FOB   DENDKOCLIHATIC   ANALYSIS"   1976 

U1NA MN        US*        >•*•   STOKES   6   T.P.   HARLAN 
176640   PIPO   100    3351N   10901«   2332«     273Y   1693:1965      14C   SR:   .52   SD:   .47   HS:    .43 
A7:999   SL:99   NOTES:    PUBL.    IN   "TPEE-RING   CHRONOLOGIES   OF   «ESTEBN   AMEBICV,    VOL   2 

LUNA,   SAN   FRANCISCO   R.    HATEPSHED NM USA C.H.    STOCKTON 
192000   PSME   101    3350N   10900H   2591«      302Y   1666:1967      2ÜC   SB:   .41   SD:   .38   MS:    .36 
AZ:360   SL:15   NOTES:    PUBL.    IN   "TRFE-RING   CHBONOLOGIES   OF   «ESTEBN   AHEBICA",    VOL   2 

CEBOLLETA   I. NH        USA        J.,S.   DEAN   6   H.   HOOLFENDEN 
303099   PIED   102   3455N   10750H   2134«      311Y   1662:1972      20C   SR:   .26   SD:   .41   MS:   .42 
A7:270   SL:45   NOTES:    PUB.    IN   "TREE-RING   CHRON.    FOR   OENDBOCLI«ATIC   ANALYSIS"   1976 

-— 
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Abbreviation Common Name Scientific Name 

ABCO 

PIED 

PIFL 

PIJE 

PILO 

PIMO 

PIPO 

PSMA 

PSME 

white fir 

Colorado pinyon 

limber pine 

Jeffrey pine 

bristlecone pine 

singleleaf pinyon 

ponderosa pine 

big cone spruce 

Douglas-fir 

Abies aonaolor 

Pinus edulis 

Pinus flexilis 

Pinus jeffreyi 

Pinus  longaeva 

Pinus monophylla 

Pinus ponderosa 

Pseudotsuga macroaarpa 

'Pseudotsuga menziesii 

     .... ...    ....     _.     _   
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Figure 1.  A map of sites selected to obtain the 89-chronology grid.  Numbers 
indicate the new chronologies published for the first time in this volume and corre- 
spond to the numbers in Table I and to the numbers associated with the chronological 

date shown at the end of the report. 



13 

in Table I. are included to provide a dense grid for chronologies in and 

around the state of Arizona.  In addition to these, the Arizona netwc-v includes 

47 of the first 89 chronologies, making a total of 60 chronologies.* 

This arrangement allows easy use of the data for climatic analysis. 

Any of the four sets may be selected depending upon what is needed.  The 

longest set of 40 chronologies does not cover western North America as well 

as the shorter and larger sets (Fig. 1).  The entire 65-chronology set has a 

somewhat more uniform distribution, but so.e chronologies begin as late as 

A.D. 1600.  The 89-grid set is denser but is continuous to only A.D. 1700. 

The remaining 60-chronology set selected for Arizona is the most dense, but 

it provides the least spatial coverage. 

The depth of the chronologies (number of trees used) has been improved 

over those of the 49 set published in 1973.  For the earlier set only 59% 

cf the chronologies that were i.eluded were from sampler of 10 or more trees, 

while for the 40-. 65-. and 89-chronology sets the percentages of sites with 

more than 10 trees are 72%. 69%. and 69% respectively. We are gratified 

with this iraprovement but hope to raise the percentages to at least 90%. 

The reason for these low percentages is that a number of the original under- 

sized chronologies from the 49-site set had to be reused.  This situation will 

not be fully remedied until field parties can return to the areas collected earlier, 

either to obtain new and larger chronologies or to update, enlarge, and lengthen 

the original limited-sized collections.  The effort to increase the chronology 

depth also will be facilitated if, in the future, collectors will increase the 

amount and quality of material they sample before leaving a site. 

*The numbers of these chronologies in Table I are:  17-28. 33-40. 53-64. 

71. 73. 75-86. 89-102. 
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In order to evaluate and document the statistics of these new data sets, 

the statistics of the chronologies (Table I) were examined by stratifying 

them into different subsets, then obtaining for each stratified subset the mean, 

median, maximum, and standard deviation for 1) mean sensitivities, 2) first- 

order serial correlations, 3) standard deviations, and 4) chronology lengths. 

The standard deviations and means were used to calculate the 50% theoretical 

limits of the population (+ 0.67 standard deviation) and the 95% theoretical 

limits (+ 2 standard deviations) for the four statistics (Stevens, 1976). 

Table II includes selected data for the chronologies stratified into 

numbers 1 through 40, numbers 41 through 65, numbers 66 through 89, and numbers 

90 through 102.  The mean lengths of the chronologies shown at the bottom of 

the table range from 655 years for the 1 through 40 set to a mean of 323 years 

for the 66 through 89 set.  The averages of mean sensitivities, serial corre- 

lations, and standard deviations are similar for the first two sets.  The 

chronologies 66 through 89 exhibit, on the average, higher mean sensitivities, 

0.390, higher standard deviations, 0.397, but lower serial correlations, 

0.379.  Chronologies 90 through 102 have somewhat lower mean sensitivities 

than the 66 through 89 set and higher serial correlations and standard deviations 

than the other three sets.  The standard deviations are not greatly differant 

among the four sets, so that the 50% and 95% upper and lower limits are 

governed largely by the means of each statistic. 

These data indicate that there are no great differences in the statistical 

characteristics of the four sets.  While the first 40 chronologies form the 

longest and most continuous set, the coverage is poor so that the tree rings 

may not include the climatic variations occurring in the spatial voids of the 

set.  The coverage is improved somewhat by adding the chronologies 41 through 

. - ■■ -  ' '■ '■;■ 
.,-. 
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TABLE II 

Summarization of Characteristics for the 

Entire Data Set Stratified into Groups Representing Differences 

In the Three Length Classes and the Additions to the Arizona Grid 

(Chronologies are Identified by Their Number in Table I) 

Characteristic 

Mean Sensitivity 

Serial Correlation 

f 
Standard Deviation 

Mean 

Standard Deviation 

Upper 50% Limit 

Lower 50% Limit 

Upper 95% Limit 

Lower 95% Limit 

Mean 

Standard Deviation 

Upper 50% Limit 

Lower 50% Limit 

Upper 95% Limit 

Lower 95% Limit 

Mean 

Standard Deviation 

Upper 50% Limit 

Lower 50% Limit 

Upper 95% Limit 

Lower 95% Limit 

Arizona 
Length Classes Grid 

1-40 41-65 66-89 90-102 

0.355 0.352 0.390 0.372 

0.107 0.116 0.096 0.076 

0.427 0.430 0.455 0.424 

0.283 0.273 0.326 0.321 

0.568 0.583 0.582 0.525 

0.142 0.120 0.198 0.220 

0.415 0.433 0.379 0.446 

0.112 0.096 0.098 0.097 

0.490 0.498 0.445 0.512 

0.340 0.368 0.312 0.381 

0.638 0.626 0.575 0.640 

0.192 0.240 0.182 0.252 

0.370 0.371 0.397 0.400 

0.086 0.092 0.081 0.082 

0.428 0.433 0.451 0.456 

0.311 0.309 0.342 0.344 

0.543 0.556 0.558 0.565 

0.197 0.187 0.235 0.235 

Chronology Length (yrs.) Mean 655 409 323 337 



16 

65 so that spatial variations In growth throughout the West may be better 

represented.  The chronologies 66 through 89 do not substantially increase 

the coverage, and they decrease the length of continuous coverage of the entire 

set.  However, the statistics of this latter group indicate better dendroclimatic 

quality and, therefore, may provide the best, as well as the largest, set for 

any analyses not requiring complete tree-ring information for the sixteenth 

and seventeenth centuries.  A question has been raised that too many of the 

chronologies 66 through 89 may be located near the center of the network so 

that the most central chronologies may dominate, decreasing the importance 

and usefulness of those at the boundaries of the grid.  Research is underway 

to test this possibility and to measure the total information in each of the 

four sets. 

Since no major differences in statistics exist, the 89 chronologies were 

pooled and stratified first by species (Table III, Fig. 2), by latitude 

(Fig. 3), and by elevation (Fig. 4).  In the latter two classifications all 

species were pooled and stratified and then stratified again by species.  Only 

the results for Douglas-fir (Pseudotsuga menziesii-?sm)   are shown in Figures 

3 and 4. 

The 11 pinyon {Pinus edulis—?lED)   in the 89-chronology set exhibited 

higher average mean sensitivities and lower average serial correlations than 

the 4^ Douglas-fir and the 21 ponderosa pine (Pinus ponderosa—?l?0).     It 

may be inferred from these results that, on the average, the pinyon chronologies 

exhibited the "best" dendroclimatic statistics indicating that they contained 

the most information on climatic variations.  The ponderosa pine chronologies, 

on the average, exhibited the poorest statistics and, therefore, appear to 

have the least infonuation on climatic variations. However, there is considerable 



TABLE III 

Summarization of Characteristics of the Three Major Species 

Included in the 89 Selected Chronologies 

17 

Characteristic 

Mean Sensitivity 

PIED* 

Species 

PSME* FIFO* 

Mean 0.412 0.376 0.348 

Standard Deviation 0.097 0.096 0.131 

Upper 50% Limit 0.477 0.441 0.437 

Lower 50% Limit 0.347 0.311 0.260 

Upper 95% Limit 0.605 0.568 0.611 

Lower 95% Limit 0.219 0.184 0.086 

Serial Correlation 

Standard Deviation 

Mean 0.361 0.400 0.452 

Standard Deviation 0.079 0.097 0.116 

Upper 50% Limit 0.414 0.465 0.531 

Lower 50% Limit 0.307 0.335 0.374 

Upper 95% Limit 0.520 0.593 0.685 

Lower 95% Limit 0.202 0.207 0.220 

Mean 0.395 0.393 0.366 

Standard Deviation 0.079 0.082 0.105 

Upper 50% Limit 0.448 0.448 0.436 

Lower 50% Limit 0.342 0.337 0.295 

Upper 95% Limit 0.553 0.557 0.575 

Lower 95% Limit 0.238 0.228 0.156 

Number of Chronologies 

*See Key to Species, page 11, 

11 44 21 

f.: 
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Figure 2. The means, the 50% ranges, and the 95% ranges of three 
statistics for the 89 chronologies stratified according to species. 
The numbers for each of the species are shown in the upper left. 
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Figure 3.  The means, the 50% ranges, and the 95% ranges of three 
statistics for the 89 chronologies stratified according to latitude 
for all species (open bars) and for Douglas-fir (hatched bars). 
The numbers in each of the classes are shown in the upper left. 
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overlap and variation among them, so that a large number of chronologies 

from each of the species are of high quality. 

Using the data from Table II, a "good" climatic chronology for pinyon 

would be expected to have a mean sensitivity of 0.412, but half of the time 

the statistic will be higher than 0.477 or lower than 0.347.  It would be 

rare (p < 0.05) for a "good" climatic chronology for pinyon to have a mean 

sensitivity higher than 0.605 or lower than 0.219.  Similarly, statements 

on the expected values for other statistics and species may be deduced from 

the other data in the table. 

The data stratified by latitude (Fig. 3) indicate how the statistics 

vary from north to south over the grid.  The largest mean sensitivities and 

standard deviations are to be expected between latitudes 30 N and 40 N, 

largest serial correlations between latitudes 400N and 50 N, and smallest 

serial correlations at latitudes greater than 500N. However, mean sensitivities 

and standard deviations range most widely at low latitudes, and serial corre- 

lations range most widely at latitudes between 40 N and 50 N. 

The data in Figure 4 indicate the effects of increasing elevation. 

Both mean sensitivities and standard deviations are generally largest at 

elevations ranging from 6,000 feet (1829 m) to" 7,500 feet (2286 m), while 

serial correlations are generally largest at the highest elevations.  In general, 

the changes in statistics associated with latitude and elevation for Douglas- 

fir appear similar to the other species, although the differences are more 

systematic (less variable from one stratification to the next) when only 

Douglas-.ir is included rather than when all species are considered as a 

single set. 
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. 

U is interesting to note fro» the dsts in these figures end tsbles for 

ohronoiogies fro. srid sites, how infrecently v.lues of »een sensitivity are 

less then 0.2 end how infre,nently vslues of serisl correl.tion sre shove 0.6; 

yet, such vslues sppesr to he co«on for chronologies fro« teuerste or »ore 

„olsr sites.  It would h very useful for oo.psrative purposes to have these 

same statistics for sll sr.ss studied throughout the world. 

As dst. fr» well-dat,,: tree-ring chronologies hecce avaiiahle fro. 

characteristics should he examined in s similar .snner to select mterials 

for constructing new dsta sets or for expanding and proving the old grids, 

it would also he desirahle for caparisons with other data to assess the final 

selection through strstification and messnre.ent of the vsriahility in the 

„ost important chronology statistics.  These statistics can then serve ss 

guidelines for evaluating new collections and for assessing the extent of 

s„y improvements or existence of undesirahle characteristics thst msy he 

encountered when using them. 
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II.  THE CHRONOLOGIES 

The Laboratory of Tree-Ring Research is internationally known for its 

collections of tree-ring chronologies.  These collections began at the turn 

of the century with the work of A. E. Douglass, founder of the Laboratory. 

Douglass sampled trees in the southwestern United States and developed 

many of the theories and techniques still vsed in dendrochronology today. 

His work was continued by Edmund Schulman who worked to expand the geographical 

range of collected tree-ring sites.  Both of these men made substantial and 

enduring contributions to the science of dendrochronology and to its subfield, 

dendroclimatology. 

Today, the refinement of field criteria for the selection of specimens 

and of laboratory methods (Schulman, 1956; Stokes and Smiley, 1968; Fritts, 

in press) continues.  The Laboratory includes a staff of highly skilled dendro- 

chronologists with many years of experience. As these researchers continue 

their studies, new chronologies are developed.  These new chronologies include 

an expansion of the geographical range in North America and also collections 

in Europe, South America, Australia, and New Zealand.  The efiects of each 

mlcrosite are being more closely examined, new species are being sampled for 

their suitability to dendrochronology, sites are being more uniformly sampled 

so that comparisons among sites can be made, and different attributes of growth 

(earlywood only, latewood only, wood density) are being examined. 

The increasing number of chronologies has necessitated the coordination 

of collections. A copy of each final chronology and its associated site 

information and statistics are housed in the Data Processing section of the 

Laboratory.  It is under the direction of L. G. Drew and D. J. Buecher. Tree- 

ring chronologies are stored on magnetic tape with card backup. 



24 

G. Robert Lofgran has developed software for the CDC 6^00 computer to 

retrieve and manipulate chronologies stored on magnetic tapes. His programs 

accomplish one objective of the Data Processing section—to make final chrono- 

logies readily accessible for analysis in research projects.  As explained 

earlier in the text, Donald Stevens has develt ped software for the DEC-10 

computer (Program SIPP) to do selective searches on site information of various 

types.  The iiiformation for approximately one hundred sites is now stored 

on the computer.  Personnel in the Data Processing section expect to enter 

site information for all final chronologies within the next year. 

In addition to acquisition and cataloging, final chronologies need to be 

published periodically so that basic data are available to other researchers. 

Edmund Schulman began the publication of collections in 1956 with Dendroalimatia 

Changes in Semiarid Ameriaa.     The Data Processing section took over this task 

in 1972 with the publication of six volumes of the "Tree-Ping Chronologies of 

Western America." Volume 1 of this series, edited by M. A. Stokes, L. G. Drew, 

and C. W. Stockton and entitled "Selected Tree-Ring Stations," described and 

published the 49-station network for western North America.  The remaining 

lumes were published as geographical units of chronologies.  The chronologies 

lected for publication were screened for length, mean sensitivity, and serial 

(auto) correlation. 

This current volume includes previously unpublished chronologies from 102 

stations in the expanded North American grid.  They are described more fully 

in Section I of this text. 

The chronologies themselves are the result of work done by members of the 

Laboratory staff. They are listed as contributors to this volume.  Several 

vo 

se 
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different research projects were Involved and are cited earlier in the text. 

Those members most instrumental in the field collections include C. W. Stockton, 

J. S. Dean, M. A. Stokes, C. W. Ferguson, M. A. Wiseman, D. 0, Bowden, and 

T. P. Harlan.  Each chronology represe. .s many hours of work by dendrochrono- 

logists and laboratory technicians. 

Site information for the chronologies included in the 102-station grid 

is tabulated in Table I.  This information is repeated at he beginning of 

each chronology published herein.  The information included is as follows: 

Line 1:  site name, state, country, and collectors; 

Line 2:  identification number, species (see Key to Species, page 11), 

grid number, latitude, longitude, elevation in meters, total 

length, beginning date, ending date, number of cores included, 

serial (auto) correlation, standard deviation, and mean 

sensitivity; 

Line 3:  azimuth of exposure in degrees, slope angle in degrees, and 

publication information. 

i 
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TBEE   KING   ISOICE'; 
2 3 <. 5 

NUNBEP   OF   SAMPLES 
3 <> 5        6 7        « 

mo 151 17« 9f 122 113 7v 97 105 117 125 1 1 1 1 1 1 1 
l'.20 86 1 1". 90 106 89 »6 98 6 A *0 76 1 1 1 1 1 1 1 
mo no Ill r<i 79 87 73 101 82 105 88 2 2 2 2 2 2 2 
mo 62 87 83 155 109 91 109 102 67 82 2 2 2 2 2 2 2 
UbO 102 9<t UA 91 103 95 1 13 123 10« 1 12 2 2 2 2 2 2 2 
UbO lib 123 13A 120 136 1 16 106 69 1** 161 2 2 2 2 2 2 2 
1'.70 167 129 55 80 117 90 76 9 A 53 6 9 3 3 3 3 3 3 3 
UBO 1<i 91 81 57 *7 30 88 99 62 48 5 5 5 6 6 5 5 
1'.90 105 lO«. 69 12'i 108 )9 113 1 12 61 81 5 5 5 6 5 5 6 
1500 102 137 97 85 ei 92 m 68 120 129 6 5 5 5 5 5 5 
IMO n 133 120 ■SI 126 59 63 1 31 1*7 1 83 6 5 5 6 5 5 5 
1520 116 138 89 \>>Z 15* 141 8* 135 8« 147 5 6 5 5 5 5 5 
1530 111 125 122 95 *6 111 152 173 127 165 5 5 5 5 6 5 5 

18*0 100 166 179 90 1*7 12 A 129 1 36 137 132 6 5 5 5 5 6 6 
1550 132 163 100 122 58 1 17 33 J9 7 3 86 6 5 6 6 5 5 5 

15 6 0 66 73 81 66 96 120 95 91 80 73 8 8 B 8 g 6 6 6 
1570 W 80 98 50 131 12* 67 e? 58 80 8 B e 8 8 6 8 a 8 8 
1580 55 62 77 70 90 91 1 1* 9* 11? 117 8 8 p 8 8 8 8 t 6 8 
1590 161 155 131 19 69 91 9 7 11« 112 96 8 8 8 8 8 e 8 8 8 8 

1600 70 92 90 95 to 79 75 77 119 116 8 8 o H 6 8 8 8 8 g 
1610 »2 118 P8 116 116 99 105 96 83 74 8 e 8 6 8 8 6 8 8 ft 
16?0 58 86 73 ' 3 116 100 81 A 7 110 40 8 8 8 8 8 8 8 8 6 8 
1630 T, 95 113 109 86 5* 83 5 0 77 60 8 8 6 6 8 6 6 6 8 8 
IftO n 9 A 80 112 96 87 JO 72 68 96 8 M 8 6 8 b 8 6 fc 8 
1650 92 60 66 57 88 M 7 8 19 71 79 B 8 8 8 8 6 6 6 6 8 

1660 77 <i8 111 76 5't 106 115 112 uo 153 « 8 6 B 8 8 8 6 6 6 
1670 107 118 I 76 1 »2 100 155 1 19 71 103 107 8 8 6 8 8 6 8 8 B 

1680 1 19 12C a i ro *8 66 93 77 76 104 8 8 8 8 8 8 e 6 8 H 
1690 109 105 28 86 86 62 51 73 P? 50 8 8 8 6 8 8 8 6 8 ö 

1700 M 38 67 <>h 67 56 8 89 65 95 8 8 8 a 8 6 8 8 8 6 
1710 86 108 93 113 1 16 75 62 <.<, 61 71 8 8 6 8 8 8 8 8 8 8 
1720 63 58 129 131 152 81 1 U 156 169 104 10 10 10 10 10 10 10 13 10 10 
1730 60 95 108 12* 1- 7 118 76 79 BA 76 11 11 11 11 11 11 11 11 11 11 
17<i0 9« 68 103 96 76 113 77 56 66 79 1? 12 12 12 1? 12 12 12 12 12 
1750 127 50 Id '>>. 1 l1) 122 10* 56 78 25 1? 12 12 1? 12 12 12 12 12 12 
1760 92 96 116 102 23 79 31 12* 76 143 1? 1? 12 12 12 12 12 1? 1? 12 
1770 151 11« 63 93 11* 113 78 7* 112 110 12 12 12 12 12 12 12 12 1? 12 

1780 106 157 122 86 78 6* 1*3 151 101 168 13 13 13 13 13 13 13 13 1 3 1 3 
1790 71 liA 120 3'. 62 83 52 121 96 99 13 13 13 13 13 13 13 13 13 13 
1800 39 1*9 ICO 107 106 102 121 118 38 15 15 15 15 15 I! 15 15 16 IS 
1810 1 0 9 82 67 »1 *6 26 95 97 88 94 15 16 15 15 15 15 15 15 15 15 
1820 90 91 7* 80 66 91 111 10* 109 140 15 15 15 15 15 15 16 16 15 15 
1830 1 If 27 97 M 78 87 93 T, 7 5 99 1 5 15 15 15 15 15 15 15 15 15 
IthO 123 88 61 31 01 79 75 *9 8* 56 15 15 15 15 15 15 15 15 15 15 
1850 77 56 52 70 to 108 119 91 87 99 17 17 17 17 17 17 17 17 17 17 
1860 m KB 97 *6 92 66 1 19 81 87 63 20 20 20 2 0 20 2 0 20 20 20 20 
1870 76 92 li>9 1*1 15* 167 153 159 156 1 74 20 20 20 ?0 20 20 20 20 20 20 
1860 177 190 82 117 99 1 70 '1 1 125 115 44 20 20 20 20 20 20 20 20 20 20 
1990 133 97 76 10* 89 93 *« 11 3 170 165 20 20 20 20 20 2C 20 20 20 20 
1900 160 161 165 117 177 127 107 116 1*8 94 20 20 20 20 20 20 20 20 20 20 
1910 98 120 106 13d 125 108 191 130 94 68 2C 20 2C 20 20 20 20 20 20 20 
1920 109 7'i 65 112 lie 118 106 1*1 112 103 2 0 20 20 20 20 20 20 20 20 20 
1930 99 67 I'll 10* 91 1*9 66 56 114 54 20 '0 20 ?0 20 20 20 20 20 20 
19<i0 68 75 III 117 103 128 129 158 137 98 20 20 2 0 20 2 0 2C 20 20 20 20 
1950 137 116 131 1*9 119 109 97 66 07 1 5 3 2 0 2 0 20 20 20 20 20 20 20 20 
1960 110 87 91 135 1?6 141 20 2 0 20 20 2 0 2C 
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FREE   RING   INDICES 
J 3 l. 5 

NIJHRER   OF    5AMRLES 
3 «i 5        6        7 

f 

1300 155 7 9 1 .r 123 62 108 6 8 53 1*6 121 1 1 1 

1310 153 112 1 8 166 155 12 7 129 89 66 7 g 2 7 2 
13?0 *7 71 1 18 86 32 121 133 50 9) 98 2 2 2 
1330 105 91 US 78 65 »0 5 0 62 122 126 2 2 2 

13*0 72 153 1*'. 130 65 77 Kt< 186 130 91 2 2 2 

1350 120 1-1 66 92 11 5 63 112 113 113 127 2 2 2 

1360 81 5* 126 M 98 87 92 90 108 109 2 2 2 

1370 137 11* 71 96 98 65 103 91 87 *5 2 2 2 

1380 *0 30 «e 115 13 l 122 150 120 63 85 2 2 2 

1390 7 5 88 10« 57 g 7 105 106 126 67 70 2 ? 2 

UOO 96 62 122 168 16* 200 201 17* 129 181 2 2 2 

UIO Bl 13! 15< 109 9< 79 55 37 170 216 2 2 2 
UPO 276 2'.8 136 78 128 118 1 8h 9 3 121 87 1 1 1 

1'.30 82 87 8* 79 102 82 29 19 31 33 1 1 1 

l^C 2 J 3* 87 66 ** 8 5 118 103 68 58 1 1 1 

1*50 V, *e 76 9* 116 73 «7 116 6B 68 1 1 1 

l^dO *0 61 72 *3 79 82 73 88 89 51 1 1 1 

1*70 52 33 31 29 29 22 27 29 81, 82 1 1 1 

1*80 *q 27 67 66 63 68 53 6* 61 77 1 1 1 

1'.90 9 1 88 60 71 82 53 61 72 'jV 56 1 1 1 

ÜOO *a *1 30 27 60 19 81 72 97 85 1 1 1 

1510 73 *2 34 8 23 17 80 37 3 8 5 5 1 1 1 
1520 *9 70 7 9 120 103 118 128 131 51 126 1 1 1 

1^30 123 96 76 73 *2 67 5 8 95 8 6 118 1 1 

15*0 133 136 90 8* 1 19 103 125 119 192 152 1 1 1 

1550 177 17* 130 1 3s IM 5 187 1*8 177 193 198 1 1 1 

1560 159 156 !7g 108 166 12* 177 125 138 12 1 1 1 

1570 1 19 106 123 1*6 163 173 128 157 138 1 71 1 1 1 

1560 38 91 107 107 9b 71 6 3 55 96 63 2 2 2 

1590 117 d8 106 67 9d 102 137 88 89 «8 2 2 2 

1600 93 99 126 136 108 128 99 100 127 132 2 2 2 

1610 8* 15* 96 106 123 185 129 181 102 180 3 8 8 

1620 130 12R 110 1 I 9 157 1 30 120 97 116 120 6 6 6 

1630 6y 60 6* 123 112 133 139 85 121 1*5 9 9 9 

16*0 159 136 113 13* 1 19 90 116 91 53 *"8 10 1 1 11 11 

1650 95 122 91 76 106 125 9c 82 76 58 11 12 12 1? 

1660 73 138 1 1 3 9? 78 82 92 73 7* 68 12 12 12 12 

1670 83 70 87 122 121 188 182 69 97 9h 12 12 12 1? 

16P0 122 h3 7^ 7* 96 10? 99 135 108 105 12 12 13 13 

1690 97 85 92 98 105 128 P6 56 66 79 13 13 13 

1700 1*5 138 108 6 88 8? 9 3 125 73 135 13 13 U 

1710 131 113 109 130 1*7 130 1 22 37 33 125 18 18 18 

1720 95 10* 82 100 1 38 181 159 187 137 1*3 18 15 15 

1730 122 11 3 90 U* 51 95 90 80 39 63 15 15 15 

17*0 ** 63 8 h 63 l \ 78 115 i** 136 9b 15 15 15 

1750 1 17 1*6 1 *3 108 81 83 67 86 68 6 7 15 15 15 16 16 

1760 69 95 10* 1 1« 109 116 131 125 187 99 16 16 16 16 1h 

1770 83 12C 127 12,' Q<, 133 1 10 121 118 103 16 16 17 17 1" 

17BO 98 58 79 93 76 88 88 1 1 1 109 75 1 0 18 18 18 1 h 

1790 97 100 1 l* 77 111 78 151 152 (.0 129 18 18 18 18 IC 1" 1 fi 

1600 63 Rl 106 100 122 82 88 86 7U 76 18 18 18 18 18 18 1 H 

1810 1 18 133 86 108 135 106 88 1 31 109 111 16 18 18 18 1? 18 18 

1B20 10* 132 '.9 78 105 119 97 118 188 132 16 1« 13 18 18 18 

1830 1*7 7h 123 116 1C6 102 98 126 102 186 18 17 17 

18*0 65 126 71 10* U* 9« 1 1 3 9 6 65 178 17 17 17 

1850 67 119 107 138 171 51 1 09 50 88 13 17 17 17 

1860 69 bt 86 36 32 30 1 in 71 87 )9 17 17 17 

1870 91 87 6* 1 In 9 9 9 6 5 6 102 109 110 17 17 17 

1860 1 17 69 73 67 60 83 5 7 73 79 5 5 17 17 17 

1890 56 61 109 *9 «37 91 5 8 78 116 118 17 17 1 7 

1900 US 62 36 87 61 11? 119 183 126 15* 17 17 17 

19] 0 113 103 120 159 123 107 165 131 123 82 17 17 1 7 

1920 132 l*C 101 106 JI1 183 1 0 8 109 101 163 17 17 17 

1930 *3 1 19 120 )1 60 1 10 6* 69 91 ■Jl 17 17 17 

^".O 92 86 93 1 11 109 108 9! >2 8? 85 17 17 17 

1950 130 16* 1 3* 80 f l 66 74 98 106 7 8 17 17 17 

1960 62 71, 87 1*3 131 129 11 3 115 108 99 17 17 17 

1970 130 87 
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GROS   »FNTHE   f.   UHL   HILL 
e,S251)0   PIFl      'li   » '"JN 
»7.:1«0   SL:lt'j   NOTEÜ:    PU 

WY US»        CD.    PEBOOSO» 
nonu   2179-1      "j'iY   1U00:1971      211C   3R:   .58   SD:    .38 
B.    IN   "TBEE-BING   CSBOI.    POB   DEHD.OCLIHiTIC   A.ALTSIS-   1976 

us:   .2« 

TREE RINC I ".DICES 

DATE 0 1 2 3 ' 5 6 7 6 1 

l*tüü 161 1 12 213 197 ;75 202 275 1?4 275 243 

l'ilO 72 2511 197 17) ?38 207 155 9 6 207 170 

uzo 253 201 206 1 j5 249 ?01 129 232 129 I 70 

HJO 191 216 155 129 180 ?06 93 159 170 5 7 

I'f'tO 1 JJ 15« 103 195 103 190 82 118 116 14 

HUD 119 IT« 92 1 I" 92 164 159 205 154 1 74 

l*thO 1 1 1 138 156 168 1 1 1 1 16 115 1 12 104 17 

HYO 99 101 106 132 n2 57 70 56 106 1 01 

l-iBO 110 92 92 5(' 106 9ft 123 96 78 79 

1^40 9 rv 93 85 87 PO 77 1 1 1 104 1 10 78 

10 0 0 lO^i 5* 97 n 9n 91 1 ?t. 115 131 1 1C 

1"J10 105 82 72 6'« 95 90 1 19 39 54 90 

1520 51 99 80 113 133 15 7 1?3 11 103 65 

1530 
l^O 

BO 
101 

97 
92 

67 
112 

61 
ft? 

37 
100 

65 
6" 

76 
96 

74 
6 5 

103 
5 4 

104 
113 

1550 
1560 

120 
IS« 

1?3 
128 

175 
109 

132 
7 5 

109 
1*3 

139 
128 

153 
150 

155 
140 

183 
138 

168 
128 

1570 93 132 107 107 1 (3 100 93 113 79 116 

liKO 73 10". 90 120 72 59 85 11 63 87 

1 59Ü 84 9? •9 54 103 54 118 95 77 ne 
1600 76 109 1U3 ■>? 13? 16 13C f. 119 1 14 

1610 1 1«. 16 1 111 1 19 98 1 17 129 173 123 15t 

1620 96 Ibl 161 152 170 164 11? 101 1 19 1? 

1630 ICi 56 3b i22 103 91 100 «7 67 53 

16<i0 98 92 87 J2 69 72 50 re 78 53 

1650 93 89 78 B3 1C1 HQ 7f a 59 4t 

1660 77 83 78 78 91 90 95 J4 92 92 

1670 8<i S« 66 80 105 >^ 116 )08 75 59 

1ft HO 106 77 100 1 )<. 123 ve 76 122 1 16 1 09 

1690 92 130 137 10". 145 55 103 95 96 110 

1 7ÜU 139 129 121 89 7ft 105 117 91 74 91 

1710 58 79 75 n 106 105 104 5ft 6 P 92 

1720 108 59 73 88 93 106 136 1 14 122 72 

1730 
1 7'.0 

80 101 67 1 14 106 62 10 7 S9 110 93 

(1 93 7 9 83 62 60 102 1 11 96 92 

175 0 123 112 113 88 P4 99 60 77 69 70 

17ftP 61 97 97 112 ) i a 7? 140 145 1 16 no 
1770 
17B0 

100 106 
m 

100 
7'. 

94 
75 

u 1 1 14 
89 

122 
101 

93 
111 

99 
en 

109 
134 

1790 110 lu 127 1 18 106 6? 101 11 P7 105 
97 

1 POO 73 9« 119 144 72 Ill 50 95 64 

1010 110 117 110 I )6 51 108 5 7 10? 73 10 

1 H20 96 115 6? 58 57 90 7 9 9? 109 9? 

1930 82 52 76 79 5 6 BO 73 108 11 127 

IS'iO 1 M 91 57 96 oZ ^6 56 97 5 4 117 

IB 50 I 2 0 100 68 141 153 119 113 9 5 1 17 1 1 1 

IPftO 106 9h 117 5 2 74 40 129 121 178 99 

1670 12<. 96 90 115 (■4 105 1 Oh 117 1 10 112 

1 B8Ü 98 90 76 80 90 103 71 7? 70 43 

1B90 60 45 6^ 55 63 90 72 97 117 9? 

WOO 4 1 69 57 67 78 90 94 111 143 1 39 

1910 151 139 99 145 1(6 14) 152 in 157 67 

1920 115 107 126 142 64 150 107 159 153 133 

1930 150 131 1 1 1 75 5 7 100 55 5 5 11? 95 

19*0 105 126 157 107 147 153 ill ".26 96 93 

1950 110 112 107 94 1C4 74 100 67 In 

1960 93 B9 12« 165 142 154 114 129 1 1 1 

1970 132 136 

NUH8EB   Of    SIMPLES 
2 3 4 5        6 7 

1 
1 
1 
1 

1 

1 
1 
1 

1 
1 
1 
1 

i 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 2 2 2 2 2 2 

3 3 3 3 3 3 3 3 

3 3 3 3 3 3 3 3 

3 3 3 1 3 3 3 3 

1 3 3 3 3 3 3 3 

3 4 4 '. 4 5 5 5 

5 5 5 6 7 7 7 7 

7 7 7 7 7 7 7 7 

7 7 7 / 7 / 7 7 

7 7 8 8 S B " 8 9 1 

1 9 1 1 1 9 9 9 9 1 

9 9 i i 9 9 IC 10 10 10 

10 10 10 13 10 IC 10 10 10 10 

1 0 10 10 10 10 10 11 11 11 11 

1 1 u 11 11 11 11 1 1 11 11 11 

1 1 u 11 11 11 11 I 1 1 J 11 u 
11 i? 12 12 12 1? 12 1? 12 12 

1 2 i? 1 ? 1? 12 1? 12 13 13 13 

1 i 13 1 3 13 13 1 3 11 13 13 11 

13 13 13 13 13 13 13 13 13 13 

13 13 1 3 13 13 1? 13 13 13 1 1 

13 13 1 1 13 13 13 13 1 1 13 13 

11 13 14 14 li 14 14 14 14 14 

14 14 14 14 15 15 15 15 15 15 

1 6 17 17 17 17 1 7 17 17 17 17 

1 7 17 17 17 17 17 17 17 1 1 1 > 

lb IB 18 Id 16 16 18 18 IB 19 

16 18 16 18 16 1 ( 18 1« 18 l" 

11! 18 IB 1« 1 B 16 16 IB IP 19 

1 8 18 16 18 in 16 18 IB IB 19 

1« IB IB IB 18 18 IB l^ IB I« 

I'- 18 L8 16 IK IB 18 1« 16 IB 

ll 18 1" 19 16 18 I« 18 19 11 

11 11 11 20 ?0 ?0 20 21 21 21 

21 22 ?? ?? 7? 77 ?? 27 22 ?3 

?3 ?3 23 ?3 ?3 23 24 24 24 24 

?4 24 24 Z4 24 24 24 24 24 .'4 

24 24 74 24 24 2« 24 24 74 24 

24 ,'4 24 24 24 24 24 24 24 ."4 

?« ,'4 24 24 24 24 24 24 74 24 

24 2 4 24 24 24 ?4 24 ?4 74 24 

?4 24 24 24 24 24 24 71, ?"• 24 

24 24 24 24 24 24 24 24 24 24 

24 24 24 24 24 24 24 ?4 24 24 

?4 2 4 24 24 24 24 24 24 24 24 

24 24 24 24 24 24 24 24 24 ?4 

?4 24 24 ?4 24 24 24 24 24 74 

24 24 24 24 24 ,-4 24 24 24 24 

£4 24 24 24 ?4 24 24 24 71 24 

24 24 24 24 24 24 24 74 24 24 

24 24 24 ?4 ?4 24 24 24 24 24 

?4 ?4 
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WIND    RIVPB 
USA HARSH»,   STOCKTO»   f,   JACOBT 

20C  SB:   .51   SD:   .27  BS: .20 iitS40   PIFL      13   UIOSN    nOOilW   2<t9tn      HalY   1492: 1972 
»*S2«5   SL:in  »OTBSt  MB.   rN  "TRRR-Rl»a CHRON.   FOR  DEKDNu^.h^t.-:   »««■.rs,:.»   iw., 

DATE 
rHEC   «ING   INDICES 

1 ? 3 <• ^ 

1*91 90 55 5« 71 122 H7 107 163 

IbOO 10» ini 5". ro 180 98 93 H3 161 146 

1510 117 97 ■li. 50 109 1 18 1 17 l?9 127 86 

1!J20 ) 1 101 7C 107 136 16] 10) 115 IS« 104 

I'JJO 65 106 83 82 79 126 138 120 101 142 

Ib'.O 1 Q i 60 93 68 115 65 106 6« 97 89 

1550 122 1 W 138 Ul 13« 118 93 129 127 125 

1 560 1 7r, 152 I»« 42 17 1 1«« 9 3 14J IH« 116 

15 70 1 ,''. 90 90 77 f t 93 70 9 5 b« 68 

15 80 95 68 82 121 65 27 «7 8« 110 99 

1590 101 116 li fit 78 «3 90 105 61 76 

IbUO 75 109 1^ 111 136 87 92 8 1 111 1 11 

1610 106 13« 69 80 85 116 150 171 1«1 90 

1620 157 190 ?26 191 1 98 2 0 « 70 I «5 159 1 30 

1630 B8 59 1 1 10« 146 136 t«2 87 135 7n 

UJ'IO 1 SA !'>'• 138 158 163 8« 77 105 92 65 

1650 1 13 13/ 102 55 125 l«2 13« 9« 8« ib 

1660 11 I 107 96 90 1? 1 131 10« 71 111 72 

1670 89 67 79 109 102 75 94 59 68 66 

16B0 102 72 80 100 96 117 90 106 101 123 

1690 98 107 125 125 13? 83 91 1 1 3 78 98 

1700 no 105 126 !•, 6<. 19 89 95 66 58 

1710 76 71 56 57 H U 86 6« 62 6 8 9*. 

1720 111 50 n 9? 83 7 9 107 117 103 72 

1730 99 105 »« HI 12« "1 107 82 88 86 

IT'O 93 93 79 MtV 71 9 9 11« 108 99 lOfl 

1750 118 l.'l 104 102 9« 12« 90 no 90 14 

1760 1 13 1 1 7 87 u« 127 106 120 130 125 lit 

1770 96 106 108 92 87 90 1 0« 1 I« 95 Bt 

1760 »00 78 7? 83 88 8« 95 91 86 91 

1790 9? 116 121 107 ICO 65 101 85 105 100 

1800 112 109 102 131 e« Ml 76 75 80 75 

1810 90 116 102 1 10 62 105 ioe 9 6 7*. 9:' 

1*^20 115 113 78 99 80 79 80 8 6 90 87 

lo30 86 "1 72 98 102 90 95 108 97 109 

IP'.O 106 1 17 101 1 18 97 99 5 7 8? BO 85 

16 50 8* H9 89 9' 117 91 » '. 86 87 79 

1 060 83 90 95 8« 78 78 10« 101 121 126 

1170 l.x. 96 74 103 113 100 9.' j9 91 1 16 

1 bcü HI 107 »1 n 95 106 9 0 93 112 84 

U90 9? 113 99 72 86 96 85 «0 95 8? 

1900 102 1 1 1 7S 81 105 1 12 ■>:■ 133 141 123 

1910 137 121 133 15? 189 16? I 5. 142 143 1 17 

19?0 128 Hi'. 12C 125 91 1 1 ) 03 111 121 103 

1930 101 121 11« 9« 78 99 91 109 119 1 12 

19'i0 117 123 103 115 123 96 0 7 lie 106 109 

1950 96 UP 1 1« 86 10« 4 7 HI 10« 90 73 

1960 78 67 87 110 113 1 11 120 125 109 120 

19 70 106 77 90 

NUUBt«   01    SAMPlf; 
3        « 5        6 7 

1 1 1 1 1 1 1 2 

2 2 2 2 2 2 3 3 3 

3 ) 3 3 3 3 3 3 3 

3 T 3 1 3 3 3 3 3 

3 4 8 « « « 9 9 9 

« 4 « 4 4 4 9 « 9 

<* *. « '. u « 9 « 9 

*. t. 5 5 5 5 5 5 5 

6 5 5 5 5 5 5 5 5 

6 5 5 5 5 5 5 5 5 

5 5 5 6 5 5 6 5 5 

5 5 5 5 5 5 5 5 5 

5 5 5 5 5 5 5 5 5 

5 5 5 5 6 6 6 6 6 

6 6 6 6 6 6 6 6 6 

7 7 7 1 7 7 7 7 7 

7 7 7 7 7 7 7 7 7 

7 7 7 7 8 t H H 8 

8 8 8 8 8 8 8 8 8 9 

9 9 9 9 9 9 9 9 9 9 

9 9 9 9 9 9 9 9 9 9 

9 9 9 9 9 9 9 9 10 11 

11 11 11 11 11 1 1 1 1 11 1 1 11 

12 12 12 12 12 12 12 12 12 1? 

13 1 i 13 11 13 1 1 13 1 l 1 ) 1? 

I« 1« I« 1« I« 1« I« 19 I« 19 

14 1« 1 5 15 15 15 1 i 15 IS 15 

15 15 15 15 15 15 15 1 5 15 15 

15 15 15 1 ') 15 K 17 1 / 17 1 7 

17 17 17 17 17 17 17 17 1 7 17 

17 17 1 7 1 7 17 17 17 17 17 17 

1 7 17 1 ' 1 7 17 1 7 1 1 1 7 17 17 

18 IH 18 19 19 19 19 I« 19 19 

20 2 0 20 20 20 20 ?0 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 ?0 20 20 20 20 20 

20 20 20 20 ?0 20 20 20 20 20 

20 20 20 20 2 0 20 20 20 20 20 

20 20 20 20 ?0 20 20 20 ?0 20 

20 2 0 20 20 20 2C 20 20 20 20 

20 20 20 20 20 20 20 20 ?0 ?0 

2C 20 ?0 20 20 2C 20 20 20 ?0 

2C 20 20 20 20 20 20 70 20 20 

20 20 20 20 20 2C 20 20 30 20 

20 20 20 20 20 20 20 20 20 ?0 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

2 0 2 0 Id 
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FLBOW   CAHPuRODNn 
WY US»        C.V.   FERUUSO»   f.   B. L 

1476T   m90:ms     12C  SB:   .58  SD:   .J6 WXt llll* Z^l^^^l^^*^^ «m. 

D4TF 

I'.'JO 
I'jOO 

ISIO 
15?0 

IftO 
1^50 

1570 

15eo 
1590 

^00 
IblO 
16?0 
It30 
Ih'.O 
1^50 
lb60 

1670 
ItKO 

Ib'JO 
1 700 
1710 

17^0 
1730 
\T<0 

1750 
1760 
1770 
1780 
1790 
1800 
11(10 
1830 

1830 
IS'.O 

1850 
1860 
1870 
18P0 

1890 
1900 
1910 
19?0 
1930 
191.0 
II'IO 

1960 

62 
137 

1 34 
<i2 

U* 
?31 

h9 

??0 
6<i 

55 
79 

85 
1 1 * 

72 
35 
93 

1 18 
1*1 

106 

1 15 
; 2 6 

55 

116 
101 

7S 
127 

82 
95 

125 

122 
91 

130 
123 

1 3 6 
n 
86 

79 
132 

H7 

6-* 
112 
187 

T, 

91 

91 
»7 

i 

72 
78 

1 M) 
1?7 

«15 

121 
112 

i n 
6". 

63 
1 1« 

133 
m 

)0 

18 

119 
130 
1*0 

77 
110 

1 35 
117 

7B 
68 
90 

105 

111 
1 !<. 

11* 
117 

100 
85 

127 
122 

89 
1)3 

rs 
93 
70 
96 
62 
81 

155 
1 11 
120 

t, P 
1 Of. 

9 2 

TBEE   RING   1HDICES 
? 3 ■• 5 

1 

.    PARKER 

NS:   .28 
IS"   1976 

nun" 
2 3 

FR   OF   S»«PLES 
-,5678 

107 
I 16 

81 
79 

J7 
7 7 

136 

u* 
102 
60 
h6 

6 7 

II 
If 

101 
5« 
95 

127 

I3l| 
158 

122 
70 
hh 
97 

106 

93 
105 

90 
80 

136 
98 

159 

93 
117 
6* 
59 

1G7 

92 
8 5 
-(9 

87 
ue 
102 
65 

121 
56 

125 

1*0 
85 

*1 
171 

83 
106 
1 40 

106 
5* 
5 8 
70 

159 
175 

21 
«0 
79 

103 

119 
37 

166 
105 
r* 

100 
99 

1*3 
91 

I 05 
98 

109 
7 5 

109 
105 
130 

92 

123 
63 

9ö 
73 

1 10 
42 
61 

102 
1*3 

91 

75 
73 

73 
185 

11) 
8 6 

50 
155 

27 

105 
15 1 

5 7 
n 
*6 
7b 

136 
131 

2* 
7! 
hi 

126 
88 
97 

185 

132 
70 
»9 
9* 

1 W 
55 

106 
9 9 

8 1 

98 

106 
73 
7 9 

85 
1-7 
76 

1 1? 
80 
81 
9* 
86 

111 
l** 

67 
51 
86 
68 

1 3b 

75 
113 

58 
1 33 

52 
*6 

153 

21 
10* 

99 
67 

124 
7 5 
** 
7? 
9 1 

1 0 6 

1*0 
72 

123 
67 

131 
100 
110 

75 

108 
101 

77 

187 

10* 
6', 

107 

82 
9* 

ioa 
68 

11? 
68 

107 
104 

n6 

1 16 

85 
1 15 

72 
8 3 

*0 

1 3* 

8 0 
187 

79 
216 

59 
128 

98 

68 
7? 

33 
76 

1 80 
9 0 

21 
85 
83 
68 

213 
129 
118 

7 5 

121 
102 
156 

106 
127 

69 
113 

156 

111 
109 

93 
8 5 

101 
1 11 

48 
5 9 

I 39 

II 3 
9? 
67 

1?5 
119 
11G 

51 
96 
90 

69 
87 

12 
786 

9? 
9 8 

102 

60 
57 

15 
30 

189 
55 

20 
3C 
98 

25 
129 

128 
173 

95 
b9 

58 

167 
112 
128 

91 
177 

150 
115 
118 

8? 
80 
9 5 

123 
85 
83 

181 
98 

80 
81 

1)3 
78 

132 
60 

101 

7? 

16? 
118 

65 
173 

82 
'03 

88 

69 
?5 

6 2 
137 

139 
55 
87 

86 
66 
86 

128 
68 

150 

101 
83 
5 7 

186 
97 

1?8 
9? 

107 

128 
117 

90 
77 
9 5 

126 
133 

53 
86 

135 
98 

1 10 
18? 
189 
137 

127 
101 

126 
86 

185 
9 3 

100 
131 
153 

88 

1 5 5 

66 
79 

9? 
99 

12* 
41 
19 

81 
53 

ue 
98 
97 

1 )1 
89 
9 5 

83 

7 6 
69 

1?1 
83 

UC 

120 
169 

1 18 
79 

102 

1?? 
)0 
7 9 

6 8 

1 16 
92 
86 

1 11 
163 

9 2 
85 

»2 
85 

108 

1 
2 

2 
2 
2 

2 
? 

2 
? 

2 
2 

? 
2 
? 
2 
3 

3 
3 
3 
6 

11 
11 
11 
18 

18 

15 
17 
19 
23 
28 

25 
28 
30 
30 

30 
3 0 
32 
32 

32 
3? 
32 
32 
32 
32 
32 

32 
32 
3 2 

I 
2 

2 
2 
2 
2 

2 

2 
2 

2 
2 

2 
2 
? 
2 
3 
3 

3 

3 
7 

11 
11 
11 
18 
18 

15 
17 

20 
2 3 
28 

25 
28 
30 

30 
30 
30 

32 
32 
37 

32 
32 
3? 
32 
3 2 
3? 

32 
32 
32 

1 
2 

2 
2 
2 
2 

2 

2 
2 

2 
2 

2 
2 
2 
2 
3 
3 

3 

3 
7 

1 1 
11 
11 
18 
18 

15 
17 

20 
23 
28 
75 

26 
30 
30 
30 
30 

32 
3? 

3? 
32 
32 

32 
32 
32 

32 
32 
32 
3 2 

2 
2 
2 
2 

2 

2 
2 

2 
2 

2 
2 

2 
3 
1 
3 
1 

3 
7 

1 1 
1 1 

11 
18 
18 

16 
17 

20 
23 
2 8 

25 
28 
3J 
10 
30 

3 0 

32 
3' 
3? 

32 
32 
32 
32 
32 
32 
3? 
32 
3? 

1 
2 

2 
2 
2 
2 
2 

2 
2 

2 
2 

2 
2 
2 
3 
3 
3 

1 
3 
7 

11 
i 1 

1 1 
18 
18 

16 
17 
20 

23 
28 

2o 
2 8 

3 0 
30 

30 
3 0 

32 
32 

32 
32 
32 
32 
3 2 
12 

32 
3? 

32 
3 7 

2 

2 
2 
2 

3 
1 

3 
3 

3 
7 

1 I 
1 1 

11 
18 

18 

16 
17 

20 

23 
28 
76 
28 

30 
30 
3 0 

3 1 

32 
32 

32 
32 

32 
37 

32 
32 
3? 

32 
32 
3 2 

1 
2 

2 
2 
2 
2 

2 

2 
2 

2 
2 

2 
2 
2 

3 
3 
3 

1 
3 
0 

11 
11 
11 
18 
18 

17 
17 

20 

23 
25 
26 
30 
30 
30 
30 
31 

32 
32 
32 
32 
32 
3? 
32 
32 
32 
32 
32 

7 
2 
2 
? 

2 

2 
2 

2 
2 

2 
2 

2 
3 
3 
3 

3 
'. 
9 

1 1 
11 

11 
I* 
1* 
17 
11 

20 
23 
25 
2 7 

30 
30 
30 
30 
31 

32 
32 
32 

32 

32 
32 
32 
32 

32 
32 

32 

2 
2 
7 

2 
2 

2 
2 

2 
2 

2 
2 
2 
3 
3 
3 
3 
* 
4 

11 

u 
11 
18 

18 

17 
17 

22 
23 
25 

27 
30 
30 

30 
3 0 

31 

32 
12 

32 

17 
32 
32 
12 
32 

32 
32 
32 

1 
2 
2 
2 
2 
2 
2 

2 
2 

2 
7 

2 
2 

2 
3 
3 
I 
1 

11 

11 
11 
18 
18 

17 
1 7 

2? 
23 

25 
27 
30 
3D 

30 
30 

31 

32 
3? 

3? 
32 
32 
32 
32 

32 
32 
3? 
32 
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HOBCAT   C»SYO» CO US» DE«»,    BOBIÜSOI   8   BOHDM 
0f109q   PsilE      20    )710N   108m   20K2n      5821   1390:1971      ISC   SB!   .27   SD:   .12   Ml    .»» 
AZ-    US   ätl»5   NOTES:    PUB.    I»   "TBEE-BIN(i   CHBON.    FOB   DEBDBOCLIIIÄTIC   »KALfSIS"    1976 

TREE   RING   INDICES 
2 3 <. ■> 

1390 ■,t, 10«. 132 1 2 ) 133 133 89 79 77 66 

uoo SB 1|7 t,1. 50 133 95 129 96 79 1 61 

1«. 10 95 39 125 19 1 19 59 9 9 130 66 72 

li>Z0 104 63 -J6 62 10 I 107 131 116 126 127 

HSO 82 no 136 110 "6 83 1 6? 92 96 77 

mo 9 ! 182 7 9 in 125 79 77 66 106 62 

mo 60 V63 100 113 1 16 29 76 ?6 161 95 

1 tfcO 60 111 123 91 77 160 191 1 26 160 

1*« 70 130 <,<. 85 6 6 102 79 116 123 160 82 

i'.eo i i 91 110 11? lib 179 197 9 7 139 185 

nqo 188 290 13'. 166 166 21 66 91 170 103 

liCo 13 83 109 109 106 6') 29 67 77 1 19 

i510 61 1 16 163 158 19« 135 17 101 69 1 >3 

lt)?0 1 53 10? 97 84 90 9 6 166 121 6 5 115 

1530 HZ toe 72 78 1C2 7) 153 132 93 108 

li<iO 133 102 22 110 76 9 6 82 67 110 K6 

1Ü0 130 B« 87 112 (.1 82 16? 1 SI 111 95 

1560 116 71 68 1'6 137 190 85 61 150 9f 

1570 169 161 137 83 70 81 96 9 6 6 6 1 6 

1 5H0 ?8 6* 53 90 17 10 7? U 6 6 96 

1590 17 50 55 50 92 8.9 66 76 66 66 

1600 ■. 1 91 !•. 51 78 116 91 6 9 in 1 1 1 

1610 138 102 80 120 102 161) 155 162 16 1 96 

16?0 162 m 1 13 60 65 6? 51 101 103 1 17 

1630 108 101 6( 115 11 2 182 78 76 9 6 88 

Ib^O 120 12 3 128 110 98 99 1 36 121 66 122 

1650 133 m 78 192 38 1 7,' 16( 9 2 7 0 91 

1660 122 66 «1 71 39 128 6 6 16 55 61 

1670 65 93 81 1 19 138 133 63 it 156 1 1? 

1680 l^b 131 163 162 90 12 61 96 96 121 

1690 1 »6 109 129 1 10 87 100 66 92 106 111 

1700 91 199 59 95 ( 3 1 3 6 171 60 101 96 

1710 126 103 107 70 56 n 59 76 107 125 

17?0 192 113 93 159 60 1 lb 1 11 160 90 15 

17 30 B4 71 : iii 61 197 66 99 79 92 57 

:7<,o 59 il 75 1?1 93 198 ISC 210 35 176 

1750 i'i »2 52 80 •, r 61 78 3 6 66 70 

1760 «. 1 69 7t H? 91 66 12! 61 11? 120 

1770 65 135 1 0 1 16 PO 56 81 73 61 "6 

1760 ^t* 61 90 108 113 9 6 70 110 56 6 5 

1790 22 120 117 1?6 5 9 55 52 67 B6 93 

1800 66 72 128 75 121 61 61 113 56 76 

lf>10 6 6 101 112 61 92 1?6 ?1? 226 67 11 

1620 "i 155 72 36 65 102 120 60 133 103 

1630 102 63 1 if- 132 78 1 16 1 16 116 155 171 

U^O 212 1<.C 7 9 150 162 52 116 9 19C 136 

1650 16 3 93 160 125 -I 1 11 13S -12 11Ü 67 

1660 9« 10 1 66 101 19 106 105 169 137 197 

1670 52 59 92 «1 90 69 50 176 PI 86 

1660 76 77 51 68 110 1 16 1?6 67 166 131 

1690 137 193 133 59 63 7? lb 125 108 18 

1900 51 109 6 110 5 116 125 169 126 167 

1910 13* 153 176 98 177 203 181 175 68 136 

19?0 178 127 151 86 127 79 166 lie 1 3 6 106 

1930 105 116 1 VI 93 98 166 »1 12 1 161 123 

mo 95 188 167 119 118 103 1.6 100 1 29 1 67 

1950 77 25 137 61 61 90 6 6 120 162 28 

1960 ^'i 9C 77 70 85 126 1 2« 77 96 93 

1970 66 9) 

NUMf" R   Of   SABLES 
3 6 5        6 7 

1 1 I 1 1 1 1 

1 1 1 1 1 I 1 

1 1 1 1 1 1 1 

2 7 2 2 2 2 2 

2 2 2 2 2 2 2 

2 2 2 2 2 2 2 

2 2 2 2 2 2 7 

2 2 
7 2 2 2 2 

2 2 2 2 2 2 2 

2 2 2 2 2 7 2 

2 Z 2 2 2 2 2 
2 2 2 2 2 7 2 

2 2 2 2 2 7 2 

2 2 2 2 2 2 2 

2 7 2 3 3 3 3 

3 1 3 3 3 3 3 

3 1 3 3 3 3 3 

3 3 3 3 3 1 1 

3 ) 3 3 3 3 3 

3 3 3 3 3 1 3 

3 1 3 3 6 6 9 

6 6 6 6 6 6 6 6 6 6 

6 6 6 b 6 6 6 '. 6 8 

8 8 8 6 6 8 a 6 6 8 

9 9 9 9 9 9 9 J ^ 9 

9 9 9' 11 11 11 11 11 12 1? 

13 13 13 11 13 13 13 13 13 

1 J 1 1 13 11 1 3 1 ) 13 13 13 

13 13 11 1 1 13 13 11 11 1 3 

13 11 13 11 13 1 3 11 13 13 

13 13 13 13 16 16 16 16 16 

16 19 16 16 16 16 16 16 16 

16 16 16 16 16 19 16 1 6 16 

16 16 16 16 16 1 6 16 1 6 16 

16 16 16 16 1« 16 16 19 16 

16 16 16 16 16 19 16 19 16 

16 16 16 16 16 16 16 16 16 

19 19 16 16 16 1« li 16 19 

16 16 16 16 16 16 16 16 16 

16 16 16 16 16 16 16 16 16 

16 15 IS 15 15 16 15 16 16 

16 16 16 16 1< 16 16 16 16 

16 16 16 16 16 16 If' 1-, 16 

16 16 16 16 16 16 16 16 16 

17 17 IB 16 IP IP IP 18 18 IP 

IB Id IP IP IP 16 11 li 1- 

16 16 16 11 16 18 16 li H 

ie IP 1« 16 IP K IP li IP 
i" 18 18 IP IP IP 11 1" IP 

ii 18 16 16 1» IP 18 1 1 li 

i« 18 16 18 11 IP IP 18 1 1 18 

16 16 13 16 16 16 IP 16 18 1« 

1" 16 16 18 18 It li li li 16 

18 1 6 18 16 IP IP 18 16 18 18 

16 M 18 16 IP IP IP 18 18 li 

If 16 16 11 11 IP IS 16 13 1 i 

ie la 1« 16 16 16 18 H 18 li 

16 l" 16 1 p 16 1 P li 1" 16 1" 

16 IP 

StBUt    CDRRfliTION   " .266      STANOARD   DEVIATION   • .920      NEAN   SENSITIVITY   . 
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I»   SAL   NTNS,    SITE   K 
?H5f.2a   PIED      2i   id30N 
»7:     0   SL:   0   NOTES:   PI) 

(IT US» J.B. H»I1SH» 6 C.I. STOCKTO» 

1091SW 2323N 48UY 1U89:1972 1BC SB: .HI SD: •" "« «JJ 
Bi«   "TREE-KING   CH8ÜN.    tO»   DENDHOCLIHITIC   MUTSIS-   1976 

D«Tt 

HB« 

liOO 

I'^IO 
1620 
1630 
li-iO 
15iO 

15)70 
l^BO 
nso 
1600 
1610 
1620 
1630 
^"IO 

IbiO 
1660 
1670 
16B0 
11,90 
1700 

1710 
1720 

1730 
U^O 

UiO 
1760 
1770 
1780 
1790 
1B00 
1810 
1820 
1630 
IfliO 

1850 
I860 
1B70 
1860 
1B90 
1900 
1910 
1920 
1930 
mo 
1960 
1960 

1970 

I .11 
18 
B1) 

US 
7 19 
160 

7'V 
79 
77 
J« 
!>3 
136 
166 
8 1 

108 
Hi- 
111 
55 

1 ■.? 
89 
80 

101 
171 

"19 

62 
113 
163 
90 
J6 

1 03 
66 
76 

102 
121 

11? 
77 
13 
73 
9 2 

30 
153 

1*5 
1 62 
131 
206 
129 
107 

1 H4 
62 

136 
89 

136 
177 
110 
59 
93 
83 
86 
8 6 

106 
167 
«9 

109 
118 
92 
61 
129 
97 

136 

110 
101 

108 
1 l". 
8? 

126 

1*8 
97 

119 

IM 
9 1 
81 

112 

26 
2 6 
<.". 
70 
99 

107 
161 
137 
108 
131 
106 
78 
62 

IBf E 

2 

126 
121 
87 
37 

31 
101 
8* 
60 
92 
79 
76 

11«. 
96 

138 
Itt 
118 
77 

127 
1 U 
69 
9 6 
88 

102 
«3 
7", 
79 

63 
107 

84 
78 

100 
87 

107 
7? 

103 
118 

120 
81 
30 

122 
19 

1*7 
122 
171 
170 
199 
108 

7", 

RING INDICES 

1    <.    5 

NUMBER OF "UHPLtS 
3   <i   6   6   7 

101 
100 

106 
6«. 

100 
152 
93 
80 
90 
71 
99 
117 
I** 
8 6 

12« 
111 
73 

9 3 

10* 
12 7 
138 

90 

106 
no 
17 
81 

118 
103 
97 
83 
99 
63 
6 6 
J* 
62 

122 
77 
81 
6 9 
70 
9 6 
1" 
u* 
126 
172 
186 
ln6 
73 

100 
116 

103 
53 
137 
188 
90 
9 6 
6 8 

36 
127 
126 
129 
71 

107 

123 
30 
75 

111 
57 
9 6 

76 

60 
125 
133 
62 
98 

183 

65 
118 

102 
40 
6 8 

36 

63 
112 

79 
88 

66 
9 9 
76 
31 

169 
107 
6 8 

136 

9 6 

BO 

81 
76 

61 
82 

117 
111 
96 

121 
91 
61 

136 
130 
131 
93 

116 
78 

121 
70 
89 

16 
126 
122 

121 
122 
33 
6 8 

88 
76 

76 
103 
71 
79 

121 
98 

101 
68 
71 

106 
65 

107 
107 
132 
1*8 
138 
96 

125 
128 
102 

67 
87 

61 
102 
206 
1 60 
79 

101 
76 
68 

128 
123 
1 38 
65 
98 
73 

119 
118 
72 
82 
83 
96 

108 
168 

1 16 
11? 
88 
76 

87 
83 

117 
10 

137 
117 
118 
108 

96 
182 
80 
90 
36 

189 
166 
138 
78 
66 
86 

122 

86 
126 

72 
121 

18? 
93 

101 
n 

103 
76 
89 
123 
160 
96 
78 

120 
122 
80 

126 
90 

118 
81 

6? 
120 
106 
110 

80 
92 
9B 

108 
128 
131 
103 
101 
186 
38 

107 
129 
90 
68 

116 
167 
168 

186 
118 
132 
183 
88 

96 
130 

65 
1 16 

!?3 
136 
65 
109 
107 
100 
6 1 

108 
163 
9B 
6 6 
80 
97 
93 

127 
113 
69 
65 

188 
66 

182 
76 

101 
1?1 
20 
67 
86 

108 
113 
138 

130 
66 
97 
161 
81 

107 
123 
131 
111 
182 
128 
168 
133 
108 

113 
88 

152 
82 

121 
166 
166 
92 

116 
88 
90 
97 

116 
139 
99 
91 
113 
76 

121 
82 
118 
96 

135 

122 
7 

«7 
96 

107 
106 
96 
28 

jne 
i)d 

89 
76 

128 
133 

83 
126 
20 
89 
60 

168 
110 
190 
129 
206 
63 

126 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
2 

1 

1 

1 

2 

2 2 2 2 2 2 2 

2 2 2 2 2 2 2 

2 
2 

2 2 ? 2 2 2 
2 2 2 2 2 2 

2 2 8 8 8 5 5 

6 6 6 6 6 6 b 6 6 

6 6 6 6 f 6 b 6 6 

6 6 6 6 ( 6 6 6 6 

6 6 6 6 t 6 7 7 7 

B 6 6 8 8 10 1? 13 13 

13 13 13 13 18 18 18 16 r. 
16 15 16 16 16 I! 16 16 11 

17 17 17 17 1 7 17 17 17 17 

17 1 7 17 17 1 ( 17 17 1 7 17 

17 17 17 17 17 17 17 18 18 

16 18 IP 18 16 13 18 IB 18 

16 16 16 18 18 IP IP 18 18 

1 6 18 16 18 IP 18 IP 18 18 

16 18 16 18 IB 1" Ii- 18 1 8 

16 18 18 16 16 18 IB 18 18 

1 6 18 18 16 18 18 1" 18 13 

16 18 18 16 16 18 18 18 1 8 

1 6 16 16 18 16 IB 18 18 18 

16 16 18 IB 16 16 18 16 18 IB 

1 6 18 18 18 16 IP 18 IP 18 IP 

16 18 16 16 18 18 IP 18 I 8 I 8 

16 
16 

16 16 18 18 16 18 18 18 18 

18 18 18 18 It 18 16 I« 1 0 

16 
IB 

16 18 18 18 IP lb IP IP IP 

16 16 18 IB 18 IB 18 13 18 

1» 16 18 18 It 16 18 IP 18 1 P 

16 16 18 18 16 16 18 18 16 IP 

18 IB IB 18 18 IP 18 18 IP 18 
IP 

16 16 18 18 18 IP 18 18 I 6 

18 IB 18 18 18 18 IP 18 I" IP 
18 

18 18 16 18 16 18 IP 18 18 

16 16 IP 1 8 18 IP IP 18 IP IP 

1 8 18 16 IB 18 IP 13 18 IB 1 8 

1 6 18 18 18 16 IP 18 18 18 I 8 

If 16 16 16 18 It 16 18 18 18 

18 18 16 18 18 16 16 IP 13 IB 

18 18 18 18 IP 18 1» IP 18 18 

1» 
16 18 16 18 16 18 18 18 18 

18 16 18 18 IS 18 18 IB 18 13 

18 16 IB 13 16 It IB IB 18 18 

16 18 18 18 IP IP 18 13 IP IB 

IP 18 18 

SEPIAl CORRELATION ■ 
.81*  STANDARD DEVIATION •   .352  *EAN SENSITIVITY 

  



J.S.    DE»»   6   D.O. 
iüC   SB:   .36   SD: 

BOUDEM 
,35   HS: J5 

iif^l^C   ^T3.5!2SB"
,?;,,.im2«S«"»IS"'K7.1D.«i0Cl»mC  »»I.U..   197. 

04TE 

TP6£   BING   IMDICES 
^ 3 "• 5 

1 ^^', 47 76 94 97 53 

l".iO 32 IS6 174 1 36 84 f. 7 88 92 122 163 

l<ifaO 1 .)' 107 Ihr. 108 54 76 103 146 121 95 

iwo 9? 49 54 76 137 125 138 160 1 31 H 

HBO 64 56 175 149 154 124 128 61 108 147 

HflO 1 4 7 173 105 1 1h 119 57 80 108 141 B5 

ÜUU 30 82 107 106 109 76 67 89 120 164 

1510 101 130 1 1 ) 1 19 1 ^ 120 92 110 98 115 

15?ü 1 'Jh 92 (9 }6 105 96 1 11 88 8 0 63 

15 30 81 102 21 51 101 ■u 1 19 116 62 70 

15*0 107 91 51 87 74 5S 101 6 9 85 1 1b 

15 50 129 150 109 JH ( 6 92 108 114 100 101 

1560 1 18 77 92 94 126 120 112 77 100 96 

1570 93 80 ht 7 5 80 85 75 114 124 113 

15i)0 1 i3 109 65 48 66 51 108 108 108 89 

15i)0 33 102 74 Bl IS1 142 1 46 77 ei 1 18 

1 600 H i 16 138 122 149 151 1 16 67 106 IQu 

1610 i: i 106 87 36 65 119 124 117 140 112 

1620 1 1t) 1 1« 93 63 42 71 17 34 7«. 100 

1630 91 73 53 99 106 130 99 7', 84 9 3 

IfiO 132 IH 106 113 1 30 U8 104 135 6 0 128 

1650 1 54 110 US l,-'7 ?1 93 1 24 109 84 108 

1660 135 110 105 50 70 7". 92 60 88 102 

1670 25 103 133 119 15 6 1 13 85 129 146 12« 

1690 156 DO 151 168 98 13 60 154 140 153 

IblO 153 142 L68 154 1 11 143 93 9 3 49 93 

1700 80 131 Uh 68 81 107 132 95 97 110 

1710 106 100 90 125 104 131 114 104 144 151 

17J0 IS! 104 40 113 58 132 125 131 38 28 

1730 79 86 116 48 90 2b 95 07 Uli 94 

U'.O 54 100 104 129 86 i 1 1 120 175 50 121 

1750 99 96 54 87 90 59 75 35 87 80 

1760 109 93 100 ',3 103 77 l 26 96 135 1 18 

1770 74 123 89 H 67 92 91 ■,5 59 91 

1790 72 96 80 94 125 h:i 9V 127 63 102 

1790 Hf 11" 100 103 82 113 109 70 1 l? 1 1 7 

1S00 ^3 41 1 1 l 55 90 53 40 1 38 114 138 

1B10 9 1 130 117 11 92 92 11" U4 39 64 

IU20 40 66 52 61 85 129 144 85 16 9 82 

1830 115 B5 124 149 119 160 126 160 137 153 

IP'.O 155 155 127 128 127 42 123 22 81 150 

1850 1 2« 57 150 1 18 126 1 18 165 128 104 68 

1860 99 12 150 130 44 123 150 119 139 126 

1870 109 39 47 «.■I 89 (9 93 127 105 99 

1680 105 66 61 51 1C8 123 100 64 97 1 31 

1890 153 1 J'V 14P 105 58 114 17 141 138 43 

1900 34 103 34 104 45 129 141 170 135 155 

1910 150 171 153 170 174 166 198 165 109 156 

19?0 155 88 132 90 85 84 1 1? 125 90 117 

19J0 88 !b 110 100 5 5 109 7 5 91 105 »6 

191.0 112 115 148 154 HO 1 23 5 3 68 9 7 1?1 

1990 102 15 112 90 94 68 44 83 1 04 15 

1960 84 78 95 81 4 ) 85 96 7 5 83 1 IP 

1970 92 7? 

NUMPtK    OF    S»"PLES 
3 4 5        6 7 

1 1 1 1 l 

1 1 1 1 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 

2 2 2 2 4 4 4 4 4 4 

5 5 6 6 6 7 7 7 8 8 

1 1 11 11 11 11 11 11 11 11 11 

11 11 11 11 11 12 12 12 12 12 

13 13 13 13 1 3 13 13 13 13 13 

13 13 1 1 1 1 13 11 13 11 13 13 

13 13 l 3 11 13 13 13 13 13 13 

14 14 14 14 14 14 14 14 14 14 

14 14 1 4 14 14 14 14 14 14 14 

14 14 14 14 14 14 14 14 14 14 

14 14 14 14 14 14 14 14 14 14 

14 14 14 14 14 14 14 14 14 14 

14 14 14 14 14 14 14 14 14 14 

14 14 14 14 14 14 14 14 14 14 

14 14 14 14 14 14 14 14 14 14 

15 15 1 5 15 15 15 15 15 16 15 
15 15 15 15 16 15 15 15 15 15 

15 15 15 15 IS 15 15 15 15 15 
17 17 17 17 17 17 17 17 17 17 

17 17 1 7 17 17 17 17 17 17 17 

18 18 18 1» 18 18 18 1" 18 18 

1 B 10 1 8 18 18 18 1 8 18 18 18 

19 19 l> 19 19 19 19 19 19 19 
19 19 1'- 19 19 19 19 19 19 19 

19 19 19 19 19 19 19 19 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

?0 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 
20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 2 0 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 2 0 20 20 20 20 20 20 

20 20 20 20 2 0 2r 20 20 20 20 

20 20 2 0 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 2 0 20 20 2 0 20 20 20 20 20 

20 20 20 20 20 20 20 ?0 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 

SfPUL   COHRELiTKlN   . .365      ST4ND»»D   OEVIATION   • .347      ■UAN   SfNSITtmY   • .353 

34 



35 

WHITE   CANYOH   1. UT US»        J.S.    DE»»   t   D.O.    BCUDE« 
114I00H   PSdE      25   JTI?»    IIOOIW   185911      «SUr   1U79:1972      20C   SR:    .««   SD:    .«1   US:    .39 
«Z:3I45   SL;55   NOTES:    PUB.    I«   "TaBE-RIBG   CHBOt.    FOB   OEIOBOCL ia»TIC   «»»LISIS"   1976 

D4TE 
TKEE KING INDICES 
?    I    «i    5 

N'JMREB OF 54NPIES 
3   <.   5   6   7 

HBO 39 71 10* 95 137 107 129 93 76 
112 

109 1 1 1 1 1 1 ! 
1 

2 
9 

1<.90 08 U3 7e 98 6? S3 15 101 98 93 9 9 9 9 9 9 9 

1 bOO 22 19 5 1 62 107 66 6? 66 69 155 9 9 9 9 9 9 9 9 

9 
lilO 52 uo 9 7 106 102 88 Ill 99 77 120 9 9 9 9 9 9 9 

1520 121 123 22 65 97 87 133 106 196 150 9 9 9 9 9 9 9 9 

9 

9 1530 162 1*0 25 6) 98 88 123 139 59 127 9 9 9 9 9 9 9 

15*0 IM 103 21 7 5 5 5 67 101 70 100 119 9 9 9 9 9 9 9 

1550 1 58 153 111 162 102 119 132 167 120 162 9 9 9 9 9 9 9 9 

1560 lb* 115 123 129 205 190 709 10« 156 19? 9 9 9 9 9 *. H 9 

9 
1570 1 3«. 133 88 112 1C5 103 99 127 129 99 9 9 9 9 9 9 9 

1500 61 117 1*3 .3 *5 98 138 96 189 118 9 9 9 9 9 9 9 9 

5 

5 

7 

7 

6 

1590 51 107 59 71 ua 89 106 63 66 101 5 5 5 5 5 5 5 

IbOO 28 95 107 118 119 153 1?9 69 193 153 5 5 5 5 5 5 5 

1M0 152 137 151 1*6 136 136 187 237 212 259 5 5 5 5 5 

7 

5 

7 

6 

7 
1620 266 2*6 1/3 102 91 71 36 85 73 66 7 7 7 7 

1630 63 7* 33 101 99 106 78 53 5 9 70 7 7 7 7 7 7 8 

lö'tO 96 107 10* 1 )6 139 103 19? 131 50 183 ll 11 11 11 11 11 11 11 1? 1? 

165U 107 156 71 196 20 138 131 139 96 72 13 13 13 13 13 13 13 13 13 1 3 

1 660 1 U5 8 6 81 7 0 6 7 50 68 79 77 60 13 13 13 13 1 3 13 13 13 13 13 

1670 )0 5 3 86 108 12! 119 69 105 133 66 13 13 13 13 19 I* 19 19 19 15 

1680 1 I 3 125 157 137 «2 11 32 139 105 85 16 17 17 17 17 ' ' 17 17 17 17 

1690 73 11* 121 136 no 12? 75 90 93 78 18 18 18 18 18 18 1H 1« 18 If* 

1700 6" 139 99 7? 80 87 120 86 100 82 18 18 18 19 19 19 19 19 19 1 0 

1710 109 81 99 1 37 122 190 103 133 196 130 19 19 19 19 19 19 19 19 19 19 

1 720 175 125 5 8 109 ** 133 u* 106 98 18 19 19 19 19 19 19 19 19 19 19 

1730 «.3 72 73 38 UH ?7 89 65 96 83 19 19 19 19 19 19 19 19 19 19 

17'i0 5 8 76 69 91 109 9 7 119 163 67 166 19 19 19 19 19 19 19 19 14 19 

1750 1 19 84 3<i 118 66 3 3 81 53 79 79 19 19 19 19 19 19 19 19 19 19 

1760 7 7 53 81 »3 9 3 119 116 108 13? 130 20 20 20 20 20 20 20 20 iO 20 

1770 13? I** 9 6 a* 7 3 120 106 81 99 86 20 20 20 20 20 20 20 20 2 ) 2 0 

1780 16 99 77 105 7 5 8? 78 97 55 55 20 20 20 20 20 20 20 20 2 1 2 0 

1790 2* 9 8 91 u* 71 89 115 1?6 105 110 20 20 20 20 20 20 20 20 2 ) 20 

1800 122 63 12" 76 88 59 52 99 71 63 20 ?0 20 20 20 20 20 20 "0 20 

18 10 59 73 87 ?7 93 119 132 199 73 50 20 20 20 20 20 20 20 20 20 20 

1820 72 126 87 98 119 116 126 109 133 128 20 20 20 20 20 20 20 20 20 20 

1830 128 99 I*« 181 196 173 192 150 196 139 20 ?0 20 20 20 20 20 20 20 2 0 

IS'tO 165 Ul 1*6 1^6 160 51 182 68 139 136 20 20 20 20 20 2 0 20 2 0 20 20 

1850 1*1 23 166 119 111 171 159 118 183 66 20 20 20 20 20 20 20 20 20 20 

1 860 I 09 2 15<. 120 9'< 110 119 111 110 131 20 20 20 20 20 20 20 2C 20 20 

1870 92 93 92 /"I 93 68 63 101 95 85 20 20 20 20 20 ?f 20 2 0 20 20 

1880 82 72 86 60 1 11 105 93 69 100 106 20 20 20 20 20 ?0 20 20 20 20 

1690 1 0<i 107 117 78 99 87 20 103 82 19 20 20 20 20 20 20 20 20 20 20 

1900 63 81 23 71. 28 89 73 91 106 129 20 20 20 20 20 20 20 20 20 20 

1910 1*9 1*7 133 190 2C5 l«3 169 208 9.5 137 20 20 20 20 20 20 20 20 20 20 

1920 1 J* 116 168 80 79 92 133 116 191 126 20 20 20 20 20 20 20 20 20 20 

1930 H3 6* 13*. 105 70 103 83 105 111 121 20 ?0 20 20 20 20 20 20 20 20 

19'.0 1 32 153 195 106 162 129 92 97 135 178 2C 20 20 20 20 20 20 20 20 20 

1950 1 30 19 129 72 1C3 82 59 93 69 13 20 20 20 20 20 20 20 20 20 20 

1960 7 5 66 6 5 59 77 83 90 82 75 88 20 20 20 20 20 2 0 20 20 20 20 

1970 133 6? lit 20 20 20 

SEBI41 COKREltTIOK •   .935  STSNOiSD DEVIATION • .910  NE4N SENilTIVITY • .381 
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RftVIJO   NOUNTAIN IPT J.S.    DEtH   e   D.O.    BOHD» 

0.9   PI ;   1701«   11051»   2286.1     «3T   1««9,H71     20C   »«»„;»»»«•""•„, 
A7:"7D   Sll«5   NOTBS:    PUB.    IS   "TBEE-RINS   tHBON.    fOB   DNBIOCISRMXC   »»»LISIS-   1976 

TREE   «ING   ISDICE"; 
? 3 <> 5 

r 

11.69 

l't70 63 42 48 n 71 71 94 113 91 

94 

53 

HBO 99 )1 124 99 134 93 109 60 9 5 97 

H.Q 125 125 113 1 0 i 9b 43 105 121 129 80 

liOO <.<. 130 128 15b 158 96 97 HI 96 174 

1510 17 113 U4 123 113 102 97 116 133 1 11 

1520 91 79 3 3 HO 99 83 137 96 82 90 

1530 lO". 91 27 73 140 11? 147 140 43 116 

^'»O 1 0 3 100 5 110 6 1 73 1 32 122 96 174 

1550 1<*3 105 lOf- 108 9? 104 119 138 1 19 105 

1 560 109 91 105 91 126 149 140 101 114 101 

15 70 91 65 99 5 7 52 91 92 129 96 71 

1580 5 0 9 5 62 37 9 20 121 145 156 122 

1590 
1600 

60 7P 79 81 123 96 1 IB 65 69 122 

13 90 156 1)1 1 33 129 120 82 73 137 

161 0 1 3? ne 84 h4 135 16" 136 133 119 137 

16?0 1 kl 178 139 47 93 103 47 147 73 87 

1630 61 106 19 141 90 129 49 38 59 110 

Ifci-O 1 32 144 101 102 125 97 101 1?9 41 133 

1650 119 156 93 164 14 145 121 103 44 79 

1660 137 151 SO 69 90 65 74 5 9 61 6 6 

1670 12 101 78 7 9 100 70 19 110 6 6 56 

1680 11". 120 83 141 62 1 31 129 85 92 

1690 96 77 142 129 5 1 104 4? 68 67 97 

1700 75 128 6b 19 12 114 95 71 44 129 

1710 1 30 108 lib 10 7 115 103 89 111 145 123 
17?0 163 no 26 119 62 13? 155 1 19 6 5C 

1730 6'* 106 12b 73 6 9 2 67 74 102 49 

1740 h« 137 71 113 50 113 144 Ivl 57 149 

175 0 85 42 24 71 7 7 3« 98 39 84 69 

1760 127 92 109 7< 149 30 154 136 144 99 

1770 72 144 96 9 111 101 90 103 39 1?0 

17ÖU lal 107 53 17 Ub 117 97 165 10 1 IOC 

1790 34 127 124 142 97 150 10? 12r 102 120 

1800 114 5 5 103 82 117 71 50 172 121 165 

18 10 70 IbQ 92 15 109 141 159 108 65 97 

1820 (J6 150 29 121 158 151 192 140 200 119 

1830 1 ?9 1 33 12C 156 71 149 104 196 ?22 203 

IB'-O 210 167 89 109 152 41 137 14 113 218 

1650 170 97 142 94 160 99 119 54 101 97 

1860 51 - U« 102 20 99 151 127 147 140 

1870 42 61 9 5 71 ICO 9 5 76 104 106 5 

1660 51 78 7 62 127 151 1 32 42 114 149 

1890 153 126 144 39 71 1 15 4 119 108 0 

1900 53 69 7 167 16 135 139 160 161 143 

1910 96 133 155 147 157 139 151 129 »3 154 

1920 184 114 161 1 74 105 99 155 136 119 99 

1930 77 69 146 94 57 124 72 91 128 110 

1940 S4 13? 117 63 94 99 27 63 99 123 

1950 68 26 15 1 64 93 15 33 118 93 2 
1960 105 95 69 19 69 103 HI 91 62 114 

1970 70 19 

NU«eE«   Of   S4MPLE5 
3        4 5        6 7        9 

1 1 1 ? 3 3 3 3 3 3 

3 3 3 3 3 4 4 4 4 4 

4 6 6 6 6 6 6 6 6 6 

6 6 6 6 6 6 6 6 6 6 

6 6 6 6 6 6 6 6 6 6 

6 6 6 6 6 f 6 6 6 b 
6 6 6 6 6 t- 6 6 6 b 

6 5 6 6 7 7 7 7 7 7 

8 8 9 9 9 9 9 9 9 9 

9 9 9 9 9 9 9 9 9 9 

9 9 9 9 9 9 9 9 9 9 

9 9 9 9 9 9 9 9 10 10 

10 10 10 10 10 10 10 10 10 10 

10 10 10 10 10 10 10 12 12 1? 

13 13 13 13 13 13 13 13 13 13 

13 13 13 13 13 13 13 13 13 13 

13 13 13 13 14 14 14 14 14 14 

14 14 14 14 14 14 14 14 14 14 

14 14 14 14 14 14 14 14 14 14 

14 14 14 14 14 14 14 14 14 14 

14 14 14 14 14 14 14 14 14 14 

14 14 14 14 14 14 I* 14 14 14 

14 14 14 14 14 14 1« 14 14 14 

16 16 16 16 1, If u )6 16 16 

16 16 16 16 16 16 1'- 16 16 16 

16 16 16 16 16 16 i6 16 16 16 

16 16 16 16 16 If I» 16 16 16 

16 16 16 16 16 U 16 If 16 16 

16 16 16 16 16 -.6 11 16 16 16 

16 16 16 16 16 U If 16 16 16 

If 16 16 16 16 16 It 16 16 16 

18 18 19 19 18 IP 19 16 19 19 

16 18 19 19 18 16 19 19 19 16 

16 19 18 18 18 19 18 16 19 1 9 

16 16 16 ia 16 lb 19 18 18 16 

19 19 19 19 19 19 20 20 20 20 

20 20 20 20 20 2C 2 0 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 2 0 20 2 0 20 2 0 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 ?0 20 20 20 2 0 20 ?0 

20 20 20 20 20 20 20 20 20 2 0 

20 20 20 20 20 20 20 20 20 20 

20 2 0 20 20 20 20 20 20 2 0 20 

20 20 20 20 20 2 0 2 0 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 2'J 20 20 20 20 20 2 0 

20 20 ?0 •.'0 20 20 2 0 2u 20 20 

20 2'J 20 23 20 20 20 20 ?0 20 

20 cQ 20 20 20 2C 19 16 19 27 

27 27 

SEC Ul    CORBELiTlON   • ,219     'üiNOtBD   DEVIATION   ■ ,411      HEAN   SENSITIvm   " 
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CA   US»   B. TOSH 
SAH G08GONIO .55 SD: .25 HS! .20 

»TIC »»»LTS1S" 1976 

TBtE »ING INOICfS 
NUMBE« OF SiH'LES 

3   <.   5   6   7 

OiTE 

Jtbt 
T>bO 
7970 
7980 
7990 
6000 
8010 
8020 
8030 
BO^O 
80*0 
80b0 
8070 
8080 
8090 
B10C 
«no 
81?0 
8130 
81*0 
8150 
81(i0 
8170 
8180 
8190 
B?00 
8210 
8220 
8230 
82'i0 
8250 
8260 
a^o 
Bino 
8290 
8300 
6310 
8320 
8330 
B3'.0 
8 3'jO 
83^0 
8370 
83B0 
8390 
B'fOO 
8410 
8420 
B^SO 
BUO 
BüO 
8'.6 0 

8<,70 
S'IBO 

8490 
«500 
BilO 
8i20 
8530 
85'.0 
fl550 
8560 
6570 
B580 
8590 
8600 
8610 
8620 
8630 
fl6'.0 
8650 
8660 
8670 
86fiO 
8690 
8700 
8710 
8720 
6730 
87'.0 
8750 
8760 
8770 
6780 
B790 
8800 

*1 
1-f 

h6 

11* 
157 
91 
96 

111 
111 

!'i 
102 
1«.? 
9 1 
98 
99 
it 
99 
88 
7». 

133 
12* 

8 ä 
9«. 
89 
Ji, 

91 
7* 

112 
HI 
1.6 
117 
127 
^8 
B7 
fl 
9 I 

127 
55 
139 

jig 

ril 

11B 

90 
87 
63 
97 

105 
89 
95 
33 

no 
121 
117 
162 
103 
5 9 

108 
107 
89 

1 19 
6 8 

1*2 

58 

1*1 
85 

7? 
bH 
5 5 
76 
69 
91 
107 
77 

116 
81 
66 
85 
*9 
70 
7* 
70 
79 
8* 
8* 

)7 
37 

100 
H* 
M5 
9 3 
70 

1/ * 
99 
100 
93 
■)9 

1** 

91 
117 

s« 
1 o 1 
75 
93 

I'* 
112 
1?* 
98 

118 
105 
12* 
90 
*k 
86 

100 
82 

10* 
100 
65 
87 

10b 
53 
109 

IZ4 
125 
*0 
47 

1 16 
10? 
92 
Hi 
T1 
rt* 
8? 
36 

107 

70 
8 5 

109 
11* 
8* 

1 1* 
8 5 

106 
9 9 

107 
1 15 
1*1 
60 

1 12 
33 
95 
92 

10* 
31 
90 

111 
8? 

10* 
111 
68 

*B 
37 
«0 
105 
11* 
78 
60 
109 
67 
8 5 
87 

115 
15 1 
9 6 

12 1 
9 7 

71 

107 
87 
109 
116 
106 
81 

117 
108 
113 
76 
lit 
69 

122 
*6 

111 
86 
89 
*7 
69 

106 
117 

115 
112 
10* 
113 
98 

91 
50 
57 
83 
97 
85 
85 
91 

100 
*o 
21 

1 12 
128 
18 
«1 

102 
66 
90 

130 
I 10 
29 
120 
119 
88 
99 
89 

II i 
129 
10* 
96 
87 
9* 
106 
100 
100 
121 
112 
no 
87 
83 
70 
81 
77 
60 
67 
88 
6 7 
38 
50 
119 

29 
5 6 
6* 
10 6 
123 
100 
67 

1 0 8 

70 
8 9 
91 
126 
1 10 
92 

105 
118 
** 
80 
33 

10* 
135 

7 9 
10* 
1 19 
127 
m 
82 
8* 

7* 
95 

101 

119 

111 
1* 

11 
8 7 
73 

10] 
1*6 

116 

83 

)3 

9* 

9* 

/* 
98 

1 16 

129 
9 2 

100 
55 
vo 

12 
7 9 
88 

138 
81 

111 
8* 

128 
59 

1*9 
70 

108 
110 
91 

112 

9 6 

9* 
9 7 

9 i 

101 

105 
17 

107 
113 
UJ 
8B 

109 
11* 
95 
131 
11? 
80 
91 
1 1 

115 
97 
76 

105 
1 11 
97 
71 
8 9 
8 9 

91 

it 
"1 

1C7 
B6 
98 
97 
9 0 

5* 
91 

103 
I** 
29 

10* 
81 
59 
8? 
26 
127 
113 
121 
81 
60 
9* 

119 
78 
85 

12? 
106 
100 
105 
90 
88 
99 
69 
*9 
91 
83 
87 

12* 
68 

15* 

122 
1*1 
18? 
91 
95 
86 
91 
77 

107 
105 
119 
87 
96 
91 
9? 

120 
3* 
76 

113 
105 
9* 
7 2 
60 
8* 
75 
61 
*1 
92 
86 
80 

113 
83 
99 

1* 
66 
83 
129 
7 0 

82 
109 
10 1 
»9 
9 7 
5 9 

103 
72 
BO 
88 

10? 
110 
89 
86 

15? 
69 
78 

106 
11* 
1?* 
67 

100 
?9 
57 
99 

108 

119 

9? 

1 19 

115 
70 

108 

1** 

120 
1 1? 
»1 
83 
7? 

10? 
80 
56 
95 
88 
98 
60 

112 
92 

119 
16* 
122 
88 

50 
76 
53 

117 
6* 

10* 
160 
120 
115 
61 
99 

115 
65 

105 
1 10 
89 
8* 

11* 
100 
98 

30 
88 

1?? 
129 
91 

83 

123 

108 
70 

90 

79 

1*5 

89 

131 

105 

9 5 

11? 

1 1* 
91 

17* 

12? 
28 

112 

121 
131 
110 
93 
81 
HI 
80 
9* 

136 
107 
98 
73 
71 

101 
113 
106 
108 
76 

28 
10* 
83 
150 

■(5 
8* 
133 
97 
78 
99 
88 

16* 
71 

131 
107 
9* 
107 
81 
66 
1*5 
126 
9* 

117 
16* 
105 
110 
101 
116 
106 
97 
109 
102 
107 
89 
55 

102 
109 
IIB 
117 
78 

58 
32 

135 
110 
139 
9* 
75 

129 
11* 
61 
96 
109 
157 
97 

137 
72 
93 
93 
BO 

80 
62 
79 
9? 

100 
10* 
8? 
96 

109 

71 
90 
77 
95 
6* 
58 
98 
83 
89 

108 

121 
8? 

15? 
7? 
61 
63 
67 
87 
93 

109 
116 
129 
86 
95 
77 

120 
15* 

7 6 

101 

133 
B7 

9? 
86 
*7 

113 
9 2 
76 
6b 
73 
61 
72 
98 
78 

13* 

72 
65 
97 
99 
86 

110 
93 
*9 
38 
8* 
8* 

117 
10? 
133 
76 
67 
29 

111 
10* 
95 
9* 

119 
132 
113 
7* 
69 
79 
96 
6* 

109 
128 
78 
89 

105 
77 
80 
8fl 

112 
63 
92 

102 
86 
99 
77 

101 

89 
98 
93 
BO 

106 
105 
105 
98 

111 
8* 
9* 
85 

127 
106 
118 
9-' 
91 
66 
91 
no 
108 
118 
68 
96 

105 
73 
6* 
7* 
77 

112 
9? 
80 

100 

1C5 
101 
139 
101 
52 
9* 
8* 

107 
95 
95 
119 
92 

115 
107 
68 
92 
9* 
75 

111 
9* 
90 
76 
92 
8« 
93 
91 
55 
57 

115 
76 
** 
77 

113 
9* 

*3 
71 
97 

116 
150 
78 
7* 

11* 
97 

118 
93 
79 

1*9 
107 
153 
36 
8* 
89 
83 

102 
73 
n* 
80 

106 
121 
120 
10* 
68 

105 
119 
96 

102 
29 

112 
8* 
82 
78 

108 
110 
129 
110 
*6 

111 
107 
113 
80 
69 
103 
97 
51 
85 

106 
139 
1*6 
1*7 
132 
BO 

108 
100 
10* 
67 
79 

133 
103 
91 
97 
95 
85 
95 
86 

109 
96 
92 
91 
22 
39 
BO 
8« 
57 
72 
79 
69 
39 
95 
63 
18 

I i 1 1 1 1 

I 
1 

1 i 1 1 1 1 1 

1 i 1 2 2 3 * 
4 * * * * * * 
* * * * * * * 
1, 4 * * * * * 
* * * * * 5 5 

5 5 5 5 5 5 5 

6 5 5 5 5 5 5 

5 5 5 5 9 5 6 

6 6 6 6 6 6 7 

7 7 t 7 7 7 7 

7 7 7 1 7 7 7 

9 9 9 9 9 9 9 

9 9 9 9 9 B 8 

8 8 8 8 8 8 8 

8 8 8 7 7 7 7 

7 7 7 7 7 7 7 

7 7 7 7 7 7 7 

7 7 7 7 7 7 7 

7 7 i 7 7 7 8 8 

8 8 8 8 8 8 8 8 

9 9 9 9 9 9 9 o 

9 9 9 9 9 9 9 9 

9 9 10 10 10 10 10 10 

10 10 10 10 10 10 10 10 

10 10 10 10 10 10 10 11 

11 11 11 11 11 11 11 1 1 

n 11 11 11 11 11 11 11 

n 11 11 11 11 11 n 11 

11 11 11 11 11 11 ii 11 

n 11 11 11 11 11 n 11 

n 11 11 11 11 11 n 11 

11 11 11 11 11 11 11 n 1 1 

11 11 11 11 11 10 10 10 10 

10 10 10 10 10 10 10 10 10 10 

10 10 10 10 10 10 10 10 10 10 

10 10 10 10 10 10 10 10 10 in 

10 10 10 10 9 9 9 9 9 9 

9 9 9 9 9 9 9 9 9 9 

9 9 9 9 9 8 8 8 8 8 

8 8 8 8 8 f 8 8 a 8 

6 8 8 H 8 B 8 B 8 8 

6 8 8 8 8 8 8 B 8 8 

e 9 8 8 8 e 8 8 8 7 

7 7 7 7 7 7 7 7 7 

7 7 7 7 7 7 7 7 7 

7 7 7 7 7 7 7 7 7 

7 7 7 7 6 6 6 6 6 

6 6 6 6 6 6 6 6 6 

6 6 6 6 6 7 7 7 7 7 

7 7 7 7 7 7 B 8 8 8 

8 8 8 8 8 8 8 6 8 8 

e 8 8 8 8 8 8 8 8 8 

8 8 8 8 8 8 1 7 7 7 

7 7 7 7 7 7 

7 7 7 7 7 7 

7 7 7 7 7 7 

7 7 7 7 7 7 

7 7 7 i       7 7 7 

7 7 7 7   7 7 7 

7 7 7 f   7 7 7 

7 7 7 f   7 7 7 

7 7 7 t        7 7 7 

7 7 6 6   6 6 6 

6 6 6 5   6 6 6 

6 6 6 6   6 6 6 

6 6 6 6   6 6 6 

6 6 6 6   6 6 6 

6 6 6 6   6 6 6 

6 6 6 6   6 6 6 

7 7 7 7   7 7 7 

7 7 7 7   7 7 7 

7 7 7 7   7 7 7 

6 6 6 6   6 6 6 

6 6 6 6   6 6 6 

6 6 6 6   6 6 5 

5 5 5 5   5 5 5 

5 5 5 5   5 5 6 

5 5 5 5   5 5 5 

5 5 5 5   5 5 5 

5 5 5 5   5 ! 5 

5 5 5   5 ! 5 

5 5 5   5 ! 5 

5 5 6   6 t 6 
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San Goirgonlo, cunt. 

SI10 107 114 120 99 118 128 135 90 108 97 

BH?|J 160 177 186 111 4 6 155 162 146 157 156 

8B30 114 157 171 114 117 127 124 104 117 55 

na^io 94 66 120 160 104 103 122 103 109 98 

9850 105 125 136 129 151 114 140 134 144 * 9 

8860 132 140 161 147 160 134 138 70 62 129 

8f 70 1 lü 109 121 122 135 139 116 107 1 15 1 1 1 

H880 115 1 18 140 129 8/ 161 127 140 145 141 

88^0 162 27 1 205 189 197 138 142 163 162 156 

8400 99 166 111 114 138 147 120 127 124 125 

8410 109 133 132 88 108 130 121 112 100 112 

842Ü hl 104 57 58 29 113 92 107 48 104 

8410 9 3 1 19 8 9 97 102 «7 25 114 107 48 

89<>0 105 14- 144 V4 49 124 121 111 41 Hl 
tiliO 13 ! 8? 89 116 7 0 112 90 56 47 42 

8460 97 76 119 111 9 5 109 104 87 79 87 

8970 ■■i'i >l 89 1 18 92 84 98 106 71 45 

8980 40 3 1 B3 77 7 6 57 70 91 101 84 

8990 fi 89 110 95 77 19 105 75 98 76 

90Ü0 105 83 85 71 91 64 75 80 49 95 

9010 91 116 9 2 1 18 95 122 94 104 112 98 

90?0 14 110 89 125 106 8 4 M 102 97 77 

9030 1 12 110 94 70 91 98 94 103 106 92 

90^0 102 1 11 100 111 124 125 120 101 42 104 

9050 123 121 135 111 102 96 111 141 44 107 

9060 1 0 0 120 66 100 104 113 40 98 102 100 

9070 1 12 119 9 7 96 85 120 112 112 107 104 

9080 1 18 123 89 9 0 100 120 90 101 104 109 

9090 97 74 8b 7 0 78 83 75 103 66 67 

9100 104 8 5 9 2 79 105 93 80 10 7 90 108 

9110 97 91 89 51 72 72 91 93 104 84 

91?0 73 42 103 87 79 84 46 52 75 102 

91 30 66 81 63 60 4 5 71 68 79 71 82 

91'.0 100 91 59 71 83 88 60 81 68 76 

9150 6H 66 73 82 68 82 55 90 65 101 

9160 78 95 H3 111 45 112 106 97 81 42 

9170 53 «0 78 82 71 69 72 76 69 43 

9180 8 1 77 65 75 100 80 77 81 81 42 

9190 82 JC 86 93 104 117 86 99 105 42 

9?00 84 94 104 111 135 122 91 104 100 115 

9?10 101 104 109 99 77 72 88 74 61 84 

9220 106 81 44 89 92 92 ot 47 91 101 

92 10 72 85 120 80 87 75 54 74 102 1 16 

Q2f«0 90 96 41 103 79 91 81 81 101 108 

92 50 91 55 101 91 67 72 87 87 »1 100 

9260 1 15 1 11 106 80 75 101 87 87 91 101 

9270 102 114 94 102 90 121 60 87 116 97 

9280 86 96 114 103 71 43 69 45 59 79 

9290 71 82 71 75 84 14 74 91 55 

9300 89 81 84 91 48 41 85 96 94 

9310 9 1 95 121 120 106 W 94 HO 94 127 

932Ü 106 114 9 7 86 95 97 94 122 98 80 

9330 96 111 121 111 128 89 8 5 43 19 61 

93^0 84 H4 "5 116 11 1 1 10 114 84 94 104 

9350 86 75 103 112 94 45 109 44 71 126 

9360 103 91 105 129 107 108 124 122 126 114 

9370 121 97 125 129 108 113 133 103 115 67 

9380 150 150 112 113 118 143 119 113 136 160 

9390 143 118 146 158 148 126 95 104 111 112 

9'.00 1 39 121 116 112 121 105 118 59 123 123 

9^10 107 114 104 56 ) 06 105 118 107 115 95 

9*.20 129 9 1 9 6 120 119 89 HO 118 132 116 

9*t30 99 113 96 118 94 106 127 104 91 91 

9'.'i0 91 116 101 110 83 122 94 99 83 91 

9*t50 61 91 77 10« 106 .04 98 84 109 106 

9(t60 91 125 132 124 64 85 129 125 113 1U 

9<t70 1 12 114 120 106 127 106 116 115 139 97 

9<iea 112 146 127 115 137 HO 121 115 126 140 

9490 110 99 77 82 104 111 e« 54 !, 19 103 

9500 109 107 104 107 109 108 97 99 124 142 

9510 102 101 112 81 118 112 126 121 101 HO 

9520 79 71 92 92 HO 98 127 124 113 100 

9530 99 109 117 106 HO 117 122 121 109 132 

9540 1 14 102 41 101 101 90 122 94 67 Hl 
9550 US 128 111 106 104 101 129 111 126 85 

9560 116 97 111 116 118 119 100 127 124 121 

9570 102 50 62 81 67 78 95 98 77 97 

9580 7» 126 108 105 67 54 92 46 85 178 

9590 69 84 90 102 115 103 105 83 112 103 

9600 107 93 91 86 107 99 79 86 99 113 

9610 105 98 88 50 116 96 105 101 112 80 

9620 100 91 99 76 60 92 65 85 76 91 

9630 86 80 75 57 74 90 98 87 82 96 

9640 97 80 79 79 87 93 91 88 61 92 

9650 76 112 100 65 65 55 100 96 99 97 

9660 105 41 88 71 88 68 67 75 67 56 

9670 76 100 82 88 44 65 61 88 79 94 

9680 119 84 HO 123 104 101 95 103 HO 124 

9690 91 102 123 47 122 119 87 "5 84 92 

9700 92 90 94 54 90 93 78 46 63 96 

9710 74 85 88 72 66 73 30 82 90 87 

9720 1 06 B9 76 37 99 106 117 96 96 76 

9730 85 100 111 89 42 57 92 76 101 66 

6 6 6 6 6 6 6 6 6 6 

5 5 5 5 5 5 5 5 5 

5 5 5 5 5 5 5 5 5 

5 5 5 5 5 5 9 5 5 

5 5 5 5 5 5 5 5 5 

5 5 6 6 6 6 6 6 6 

6 6 6 6 6 6 6 6 6 

6 6 6 6 6 6 6 6 6 

6 6 6 6 t b 6 6 6 

6 6 6 6 6 6 6 6 6 

6 6 t 6 6 6 6 7 7 

7 7 7 7 7 7 7 7 7 

7 7 7 7 7 7 7 7 7 

7 8 8 8 8 8 6 8 8 

8 8 8 8 8 8 8 8 8 

8 8 8 8 8 8 8 8 8 

8 8 8 8 8 " 8 8 8 

8 8 8 8 8 8 8 8 7 

7 7 7 7 7 7 7 8 9 

8 8 8 8 8 8 8 8 8 8 

8 5 8 B 9 8 8 8 8 8 

9 8 B 8 8 8 8 8 8 » 
8 8 6 8 8 8 8 8 8 9 

8 8 8 8 8 8 8 4 9 4 

9 9 9 9 9 4 9 4 4 9 

9 4 9 9 4 9 4 9 4 9 

9 4 9 9 4 9 9 9 9 9 

4 4 9 9 4 4 9 9 4 9 

4 4 9 4 4 9 9 9 10 10 

10 10 10 10 10 10 10 10 10 10 

10 10 10 10 10 10 10 10 10 10 

10 10 H 11 11 11 11 11 11 11 

11 11 11 11 11 11 11 U 11 11 

11 12 12 12 12 12 12 12 12 12 

12 12 12 11 13 13 13 13 13 13 

13 13 11 11 13 11 13 r ■: 13 14 

14 14 14 14 14 14 14 . 4 14 

14 14 14 14 14 14 14 ','. 14 

14 14 14 14 14 14 14 1s 14 14 

14 14 14 14 15 15 15 15 15 15 

15 15 15 15 16 16 16 16 16 16 

16 16 16 16 16 16 16 16 16 16 

17 17 17 18 18 18 18 18 18 18 

18 18 18 18 18 16 19 16 18 18 

18 19 18 18 18 18 18 18 18 18 

18 18 19 18 18 1" 18 18 18 18 

18 18 18 18 19 19 19 14 14 19 

19 14 19 19 14 19 14 19 19 19 

14 19 19 19 14 2C 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 2 0 20 20 20 20 

20 20 20 20 20 t  -' 2n 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

2U 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 2 0 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 '0 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 10 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

, 



30 

San GorftOntOi   cünt. 

97<i0 9«, 101 65 109 101 105 121 151 107 103 20 20 20 20 20 20 20 20 20 20 

97*0 105 118 77 56 95 91 103 14 98 »5 20 20 20 20 20 20 20 20 20 20 

<)7h0 108 7? «7 89 90 75 99 |l 5 97 111 20 20 20 20 20 20 20 20 20 20 

9770 98 121 109 91 120 113 106 b 101 105 20 20 20 20 20 20 20 c(J 20 20 
97B0 tt 103 ■.7 «7 105 81 92 1.5 7<. US 20 20 20 20 20 20 20 20 2 0 20 

9790 77 nt 121 102 81 86 98 »T 96 105 20 20 20 20 20 20 20 20 20 :o 
9600 91 90 103 102 129 112 109 65 HO 92 20 20 20 20 20 20 20 20 70 20 

9610 81 109 90 82 96 95 87 108 115 99 20 20 20 20 20 20 20 20 20 20 

9e?0 90 1}« 80 M JOO 117 100 107 115 95 20 20 10 20 20 20 20 20 20 20 

9810 108 105 IM 1 32 121 119 96 106 132 155 20 20 2J 20 20 20 20 20 20 20 

98*0 m 103 71 71 101 M 118 8«. 117 131 20 20 20 20 20 20 20 20 20 20 

98^0 130 106 1?? 126 117 120 98 22 IU 111 20 20 20 20 20 20 20 70 20 20 

98fc0 11«. 9 1 130 105 97 102 128 1'9 155 133 20 20 20 20 20 20 20 20 20 20 

9670 137 l?l 123 109 153 109 121 96 101 75 20 20 20 to 70 20 20 20 20 70 
9680 75 öl 90 Hl 105 T. 96 100 108 120 20 20 20 20 20 20 20 20 20 20 

9890 HO 12» 127 122 H2 120 91 111 93 83 20 20 20 20 20 20 20 70 20 20 

9900 01 115 93 105 94 117 111 131 '12 123 20 20 20 20 20 20 20 20 20 20 

9910 1".« 150 119 119 155 144 l^e IU 59 128 20 20 20 20 20 20 20 20 20 20 

99?0 15« 135 17* 125 136 125 iw 139 121 S5 20 20 20 20 20 20 20 70 20 20 

9930 1 i^ 1 II IM 88 79 115 102 13«. 155 115 ; o 20 20 20 20 20 20 20 20 20 

99'i0 126 1*0 123 1<.0 9 9 96 118 110 90 103 i0 20 20 20 20 20 20 20 20 20 

9950 Hl 78 97 99 105 91 76 112 120 96 20 20 20 20 20 20 20 2v 20 20 

99>i0 90 «.9 100 10". 11". 10«, 114 123 114 159 20 20 20 20 70 20 20 20 20 20 

9970 1 37 19 
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BATATA«..;   CANTON   I. »Z OS» SCHULBAN,   DBAN   6   BOHDBN 
1S1C99   pmt      36      oalN    1101211   20I42B      «71?   1500:1970      20C   SB:    .33   SD:    .Hl   US:    .52 
A2:3U0   3L.35   NaTKS:    PUB.    IN   "TiEE-BING   CHBO».    FOB   DBBDBOCLIHATIC   ANALYSIS«   1976 

OATE 

THEE   »ING   INDICES 
? 3 ". 5 

NimBE«   OF   SAMPLES 
3 "i 5        6 7 

1500 15 57 83 9« 138 5 5 29 *9 112 196 1 1 1 1 1 1 1 1 

1510 62 159 1 )3 111 167 Mb 103 30 85 91 1 1 1 1 1 1 1 1 

1520 1 1H 88 0 6) 7 7 65 201 78 58 56 1 I 1 1 1 1 1 1 

1630 9! )5 17 7 8 71 103 90 88 19 «1 2 2 2 2 2 2 2 2 

15'i0 1*2 )9 3 68 20 81 103 7 6 9b 109 2 2 2 2 2 ? 2 2 

1550 ill 89 86 1 16 92 7 8 125 183 106 99 8 8 <* 8 5 6 6 6 5 

1560 108 8 6 80 99 211 111 85 126 103 13t 5 5 6 6 6 6 7 7 / 8 

1570 m n »7 56 62 116 108 136 117 75 9 9 9 9 9 9 9 9 9 9 

1580 101 133 «2 37 3 7 12 79 75 13 5 121 9 9 9 9 9 9 9 9 9 9 

159 0 *7 i<- 2 8 «2 132 101 86 70 78 125 9 9 9 9 9 9 9 0 9 9 

1600 M 77 111 101 120 181 117 5 2 101 1 36 12 12 12 12 12 1 3 13 13 13 1 3 

1610 158 1 H 1,8 81 67 186 157 166 180 177 18 18 18 18 18 18 18 18 18 : 8 

16?0 1,'b 222 118 3 5 72 121 88 115 89 116 18 18 18 18 \8 18 18 18 18 18 

1630 68 107 18 US 137 12« 77 19 57 189 18 18 18 18 15 15 15 15 15 15 

IfciiO 1 50 187 17 5 139 176 88 185 153 6 6 196 16 16 16 16 16 K 16 16 16 16 

1650 150 1 T! 93 158 1". 117 99 107 88 96 16 16 16 16 16 16 16 16 16 16 

1660 122 133 78 81 76 71 92 80 6 3 53 16 16 16 16 16 1 7 17 17 17 1 7 

1670 1 7 bl 73 97 1 i 1 9 3 55 115 108 80 17 17 IV 18 18 16 1« 11 11 lb 

IbflO 117 1*8 188 161 8 2 5 2b 111 96 89 18 18 IB 18 18 18 15 18 1" lb 

1690 B? 1 10 1 10 186 66 139 «2 61 101 9 8 IP 18 18 18 18 18 18 lb I". lb 

1700 19 138 8 5 ■,8 >■•, 139 111 76 88 73 18 18 18 18 19 19 19 19 19 10 

1710 112 6«. 95 115 1 38 100 78 9 8 108 137 19 19 19 19 19 19 10 19 10 19 

17?0 ? 3<> 192 8 0 152 8 7 201 260 112 28 9 19 19 19 19 19 19 19 19 19 19 

1730 51 76 81 32 75 17 96 33 103 80 20 20 20 20 20 20 20 20 20 20 

^".O •lH T, 62 117 115 123 166 216 51 153 20 20 2 0 20 20 20 20 20 20 20 

1750 101 99 1 16 81 6 5 37 70 13 10« 125 20 20 20 20 20 20 20 20 20 20 

1760 1 2B 8«. 188 56 13b 101 1 88 67 181 186 20 20 20 20 20 20 20 20 20 20 

1770 <.9 123 65 fl 67 sa 08 6 8 n 7 3 20 20 20 20 20 20 20 20 70 2 0 

17Ö0 <i0 70 21 99 78 83 6 8 108 87 81 20 20 20 20 2 0 20 20 20 20 20 

1790 5 112 109 182 5 1 128 108 9 8 113 108 20 20 20 20 20 20 20 20 2 0 20 

1B00 8? 95 93 T, 93 9 6 79 103 39 92 20 20 2r 2 0 20 20 20 30 20 20 

1P10 25 6 2 93 7 77 98 182 152 28 27 20 20 20 20 20 20 20 20 20 20 

11120 1 <, I 19 26 65 69 96 no 61 10» 52 20 20 20 20 20 20 20 20 20 20 

1«30 1 1 V no 78 187 9 5 187 102 180 178 209 20 20 2 0 20 20 20 20 20 2 0 20 

18*0 208 1Z1 67 H I 155 11 153 19 182 151 20 20 20 20 20 20 20 20 20 20 

IfcSO 1 b". 76 156 83 72 130 117 51 88 73 20 20 20 20 20 20 20 20 20 20 

1060 91 8 133 9n 35 13 102 107 185 183 20 20 20 20 20 20 20 20 20 20 

If 70 89 5". 38 6 5 108 113 08 128 136 1 38 20 20 20 20 20 20 20 20 20 20 

leeo 88 *5 90 58 115 HI 1 00 51 152 186 20 20 20 20 20 20 20 20 20 20 

ll'90 ?00 203 19? 10 1 63 ? 18 29 119 no 2 20 20 20 2 0 20 20 ZO 20 20 20 

19U0 101 56 3 7B 6 78 69 105 no 120 20 2C 20 20 20 20 20 20 20 20 

1910 1 30 1 *8 187 12 3 ua 192 173 21' 83 178 20 20 2 0 20 20 20 20 20 20 20 

1920 21 8 171 211 1 J7 152 115 162 91 1 35 1 19 20 20 20 20 20 20 20 20 20 20 

1930 h? 163 150 56 61 89 36 97 1 18 98 20 20 20 20 20 70 20 20 20 2 l 

^"■O 1 15 150 167 HI 161 90 113 88 105 181 20 20 20 20 20 20 20 20 20 20 

1950 96 26 15 7 1Ü6 HI 59 5'. 180 122 13 2 0 20 20 20 20 20 20 20 20 20 

1960 102 8 6 75 60 6-; 166 17b 133 162 156 20 20 20 20 20 20 20 20 20 23 

1970 136 20 

SfRUL    COBPELATION   ■ .326      STANDARD   DEVIATION   • .87?      MEAN   SfcNSITIVIT« 

"■■" '■»"■" 
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SAT»N   PASS OSA        DBAI   BOND«!   IOBIISOR,    BU(tlS 
161000   PSBE       )8    3SH>H   1080SW   228611      •Mil   1181:1972      2I4C   SB:   .»6   SD-    .61   ÄS-      57 
»7:335   SL:30   NOTBr ;    PUB.    II   "TBEE-tliG   CH«0».    POB   DEiDROCtHiTIC   illillSIS"   1976 

I    I 

FPEE RING INDICES NUMBER Of S4HPLES 
PJTE 0 1 3 3 * 5 6 7 8 9 0 1 ? 3 * 5 6 7 8 9 

1381 *35 166 3 1? 285 1 78 710 216 156 99 1 1 1 1 1 1 1 1 1 
1300 M 61 100 5 1 73 80 63 78 76 1? 1 1 1 1 1 1 1 1 1 1 
1*00 36 36 ** ** 67 ** 16 15 2* 106 1 i 1 1 1 1 2 2 2 
UIO L59 163 296 8* 2 1* 106 19* 238 103 39 2 2 2 2 2 2 2 2 2 mo 1 19 5 6 99 63 9 5 1 10 169 216 7 55 lie 2 2 7 2 2 ? 2 2 2 2 
uso 103 23 3 216 2*2 167 1 17 56 7* 3? 69 2 2 2 7 2 ? 7 z ? 2 
1<.<I0 76 101 *6 62 *7 7* 16 7* 77 39 2 2 ? 2 2 2 2 2 2 
l<.iO 19 78 n9 10* 52 * 7* 11 129 83 2 2 2 2 2 7 7 2 2 2 
UhO 61 *8 5 7 7 19 1? 7? 105 8* 101 7 2 7 2 7 2 2 2 J 7 
UTO t* 32 3 9 *9 13 36 *5 66 16 10 7 2 ? ? ? 2 7 2 2 2 
1*»0 13 *8 *9 55 H3 9 3 51 79 62 111 2 2 2 2 ? 2 2 2 2 2 
11,90 i* 176 126 91 62 7 26 59 113 106 2 2 7 7 7 2 7 2 7 2 
15(10 22 33 *9 6 5 6 1 89 71 76 3 2 69 2 2 2 2 2 2 2 2 2 2 
1510 51 1 33 1 if 1 S3 1 9* 178 98 19 105 1*9 2 2 7 2 ? 2 2 7 7 2 
1520 1 JZ 87 *2 6* *7 5 7 9 6 79 9* 89 2 2 7 2 7 2 7 7 7 7 
1530 135 152 109 8* 6H 85 76 130 3i 103 2 2 7 2 2 2 2 2 2 2 
15*0 135 117 18 132 5 3 11* 5 9 31 66 122 2 2 ? 7 7 ? 7 2 2 
1550 129 *5 58 98 38 H5 126 165 115 67 ? 2 2 2 7 7 2 2 2 7 
1560 56 31 3* 52 7 0 115 66 80 1. 166 2 2 7 2 2 2 2 2 2 2 
1570 1*6 9* 9 7 *0 5 8 59 *3 101 5.. *1 2 2 2 3 3 1 3 3 3 3 
1580 19 5 7 57 21 20 '6 6 6 75 1*0 9? 3 3 3 3 3 3 3 1 3 3 
1590 *1 1 36 3* 28 17« 155 137 13* 75 113 * * * * * * * * * * 
1600 S3 63 51 (,* 100 161 1*5 191 196 ?36 * * * * * * * * * * 
1610 369 3*0 2*6 262 173 205 202 716 273 165 * * 5 5 5 5 5 5 5 5 
1620 268 2 97 103 79 * ) 50 3* 115 175 773 5 5 6 6 6 6 6 6 6 6 
1630 1 87 100 75 16* 193 125 106 5 7 79 1** 7 7 7 7 7 6 c, ^j Cy g 
Ih'.O 200 11* 1*2 161 127 9 3 1 " 153 10* 130 10 10 10 10 10 10 1 1 12 12 12 
1650 9* 162 i** 1 19 86 120 HI 69 93 35 15 15 16 16 16 16 16 16 16 16 1660 101 72 65 H 33 17? 69 59 29 *7 15 16 16 16 16 16 16 16 16 16 
1670 17 10 1 35 100 32 107 32 8 6 78 51 16 16 16 16 16 16 1 6 1 7 | 7 1 7 
16B0 1*5 136 163 1 76 38 8 120 108 69 131 18 18 IB 18 18 16 1« 16 1 1 18 
1690 18) 1*5 179 175 1 19 17* *7 31 6 6 111 Id 16 18 18 18 18 18 18 16 18 
1700 91 197 109 112 77 71 121 123 9* 63 70 20 70 70 20 20 71 '1 71 21 
1710 181 1*7 16« 129 106 97 16 100 76 93 21 21 27 22 22 22 22 22 22 22 
1770 192 137 56 139 27 8 5 176 118 13 * 77 72 2? 22 77 22 22 27 22 22 
1730 66 100 131 *'i 86 12 8? 61 3* 7* ?* 2* 7* 7* 7* ?* 7* ?* 7* ?* 
17*0 67 6 7 2* 12* *0 157 70? 780 16 707 2* 2* 2* 7* 7* ?* 2* ?* 2* 2* 
1750 9 8 9 5 3 5 63 131 66 66 66 129 18! 2* 2* 2* 2* 2* 2* 7* 7* 2* ?* 
1760 130 35 166 28 130 50 15* 86 173 169 2* 2* 2* 7* 7* ?* ?* ?* 2* 7* 
1770 138 159 12C 21 87 66 96 25 79 5 6 ?* 7* 2* 7* 7* 2' ?* 7* 2* 7* 
17B0 3* 9C 22 1*7 167 176 75 1** ** no ?* 7* 2* ?* 2* 7* ?* 7* ?* ?* 
1790 95 139 159 189 93 169 7* 8* 99 69 2* ?* 2* ?* 2* ?* ?* 7* 7* 7* 
1800 39 6* 10* 55 117 9? 15 136 66 81 2* 2* 2* ?* 2* 2* 7* 2* 2* 2* 
1810 *5 ** 5t 52 10 91 206 187 26 1* 2* 7* 2* 7* 7* ?* ?* 7* 7* 7* 
1820 76 123 1 78 11 80 36 77 109 31 2* 7* 2* 2* 2* 2* 2* 2* '* 7* 1630 96 83 109 1*2 171 167 113 169 20* 2*6 7* ?* 2* 7* 2* 7* 7* 7* 7* 7* 
18*0 2 3* 173 81 SI 1*1 63 9* 1 1*1 13? ?* ?* 2* 7* 2* 7* 7* 7* 7* ?* 
1850 1 1(> 5 6 1*6 67 38 187 197 63 173 93 7* ?* 2* 7* 2* 7* 2* 7* 7* 2* leoo 13 11 1 32 60 *e 79 9* 152 125 197 2* 2* 2* 2* 2* 2* ?* 7* 7* 7* 
1670 98 11* 20 1 19 15* *9 57 18? 71 102 2* 7* ?* ?* 2* 7* 2* * 7* ?* 1880 13 *0 12 5 122 156 131 76 68 158 116 2* ?* 7* 2* 7* ?* ?* 7* 2 * 7* 
1890 90 1*1 105 5* 28 1 17 5 5 99 6 6 33 2* ?* ?* 2* ?* 7* 2* 2* ''* 7* 1900 59 67 3* 108 * 15* 101 1?* 70? *2 2* 7* 2* 2* 7* 7* 7* ?* 7* ?i, 
1910 12* 10(1 1 3* 60 131 178 157 1*5 *5 1*9 2* 2* 2* 2* 7* 2* 2* 2* 7* 2* 
1920 1 J9 52 101 79 170 29 136 80 130 77 ?* 2* 2* 2* 7* 2* ?* ?* 7* •'* 
1930 78 12U 1*7 71 55 7 09 12* 16? 116 1 1* ?* 2* 2* ?* 2* 2* 2* ?* 7* ?'. 
19*0 *5 213 1 39 67 116 11* 53 90 150 109 7* 7* 2* 7* 2* ?* 2* ?* 7* ?'. 
1950 32 17 11 3 *1 27 16 3* 35 91 36 ?* ?* 7* ?* 2* 7* 2* 7* 7* ?* 1960 103 67 P* 17 76 118 11* 20 171 1*? 7* 7* 7* 2' 2* 2* 2* ?* 2* 2* 
1970 152 36 no 2* 2* ?3 

SFCIAl    CORBfUTIUM   ■ .*61      STANDARO   DEVIATION .612      1EAN   SENSITIVITr   - 

41 
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FCHO   »BPHITHEATKB   1. NU US» ROBINSO«,    8UIIIIS   f.   DE»M 
17   09')   PSPIR      11    162111   10611»   20U2B      611Y   1)62:1972      20C   SB:   .«I   SD:   .56   MS:   .H9 
AZ:    2S   SL:1S   NOTBJ:    PUB.    IN   "TREB-RIIIG   CHBON.    FOB   DBBDiOClIBA'fIC   »«»ITSIS"   1976 

TPEF   KING   INDICES 
2 1 «i 5 

1362 118 6 9 1(9 185 113 180 867 95 

1170 2'.2 290 19b 111 114 2b5 88 211 219 2 05 

13KU 226 no 156 4 IS 228 137 120 120 39 166 

1390 51 89 101 30 139 188 1 88 175 199 25 

1*00 7«. 8? 119 41 15 5^ 118 191 135 191 238 

1<.10 231 102 220 1 0 7 233 98 86 187 62 9! 

l*i20 129 101 80 73 33 88 6 9 1 lb 157 98 

USO 51 U4 60 86 123 12 1 10.1 88 3 133 

t<i<>0 68 97 53 10b b2 9 107 180 61 28 

noo 1? 5b 50 60 23 2b 63 2 0 62 86 

HbO 76 21 ?4 16 I'l 28 90 74 81 77 

I'i70 1 )<. 20 87 54 83 50 50 77 78 97 

neo 12 18,' 71 112 201 181 1 15 hb "2 103 

1<I90 65 1?9 111 108 139 19 59 b9 192 191 

liOO 103 93 9 5 35 65 92 18 90 27 186 

IblO «.3 102 144 212 Ö08 218 10 15 138 68 

\b2Q 118 117 «.3 9", 68 7H 99 87 119 192 

I'JBO lib 168 30 78 107 88 82 137 36 96 

I'J'.O 129 103 11 121 b7 85 58 85 79 121 
1'jiO 167 70 1.6 101 73 1 17 103 115 85 82 

1'jbO J« 73 12 6 2 79 82 50 28 36 91 

1!)70 13 7 79 109 20 70 63 65 103 52 21 

1 '-■ B 0 1«. 68 7 5 63 48 5 1 S3 69 ni 161 

lb90 1 1 141 87 17 188 188 187 161 68 105 

1600 76 79 no 101 112 128 98 65 180 137 

1610 223 200 151 214 12b 63 93 156 178 95 

lf>20 1 3b 111 7 5 78 5 b 21 82 115 «2 127 

1630 136 98 Ik 87 1 10 118 126 79 80 148 
1640 151 62 58 104 65 37 1 89 223 1 58 186 

16!)0 ue 197 127 115 81 178 108 53 62 5 3 

1660 1 30 111 112 1 1 1 25 78 65 56 86 51 

1670 97 7«. 77 113 83 89 37 3 3 56 66 

16H0 1 31 83 it 87 5b 2 138 101 5 2 183 

1690 119 124 11« 129 60 82 38 75 77 98 

1700 <. ) 14S 120 1 15 3 9 77 121 78 106 87 

1710 19b 121 142 112 30 93 23 103 69 88 

172C 1 M 181 1?" 159 103 138 159 130 78 18 

1730 ; »8 92 105 72 V9 8 6 117 85 38 53 

17<i0 67 77 78 1 10 f 3 128 193 286 57 144 

1750 9 3 Hb 5 3 73 127 36 28 83 88 106 

1760 104 134 152 56 1415 171 1": 63 181 113 

1770 170 252 189 6 5 81 7' 1 18 b2 99 56 

1780 60 91 73 1 lb 131 9b 86 128 72 9 5 

1790 b5 10 8 120 158 120 121 81 109 1 08 68 

1B00 120 87 101 9b 97 73 28 UP 77 75 

ie 1 0 53 7? 66 79 75 118 1 8b 167 69 25 

1820 105 158 5 3 75 94 120 136 J7 159 58 

1830 87 1 12 122 118 98 132 85 136 151 187 

le'o 203 131 88 30 100 102 53 80 98 96 

IS'.O 1 I« 48 134 74 1 to 160 180 189 183 «3 

1660 99 10 126 34 65 107 91 151 156 198 

1870 94 91 90 15 105 73 82 106 62 60 

1880 23 51 102 88 122 128 122 85 162 122 

1BO0 78 144 134 82 9,J 135 22 128 108 10 

1900 3 2 74 12 44 25 92 109 186 120 53 

1910 81 78 148 31 129 158 112 102 83 148 
1920 209 123 146 81 1 3 1 57 1 lb 105 89 59 

1930 1 13 63 155 101 87 188 111 170 167 99 

191.0 102 192 200 113 152 120 80 8 9 143 18b 

19 5 0 5 9 5 3 70 5b 58 81 23 5 6 85 36 

1960 70 73 84 77 83 105 90 96 153 109 

1970 139 44 HP 

SE»m    C0RREL4TIQS   • ,410      ST^DJOD   OEVT/ITIDN 

NUMBEP   DJ    'UHPl F5 
2 3 4 5        6 7« 

1 1 1 1 1 1 1 1 

1 
1 

1 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
1 
1 

1 
1 

1 

1 

1 1 1 1 1 1 1 1 1 1 

I 1 1 1 1 1 2 2 2 2 
2 2 2 2 2 2 2 2 2 2 
2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 3 

3 3 3 3 3 3 3 3 3 3 

3 3 3 3 3 3 3 3 3 3 

3 3 3 3 3 3 3 3 3 3 
3 3 3 3 1 3 3 1 3 3 

8 8 8 8 8 8 8 8 8 8 

8 8 8 8 8 8 8 8 8 8 

8 8 8 8 8 8 8 8 8 8 

8 8 8 8 8 8 8 s 8 5 

6 6 6 6 6 t b b 6 6 

7 7 7 3 8 6 Ö a 3 8 

10 10 10 10 10 10 10 10 10 10 

10 10 10 10 10 10 10 10 10 10 

10 10 10 10 10 10 10 10 11 11 

11 11 11 11 11 11 11 11 11 U 
11 11 11 11 11 11 11 12 12 i? 

12 12 12 12 1? 12 12 12 12 12 

12 12 12 12 12 12 12 12 12 12 

13 13 13 13 13 13 13 18 18 18 

15 15 15 15 15 15 15 15 15 15 

15 15 15 15 15 15 15 15 15 15 

15 15 1 5 15 15 15 15 16 1 5 15 
16 16 16 16 16 16 16 16 16 16 
16 16 16 16 lb 16 16 lb 16 16 
16 U 16 16 lb 16 lb u lb 1» 
16 16 16 lb 17 17 17 17 17 w 
17 17 17 17 17 17 1 7 17 17 1 7 

17 17 17 17 17 17 17 17 17 17 
17 17 17 17 1 7 17 17 17 17 17 

17 17 17 17 17 17 17 17 17 17 

17 18 19 18 18 16 16 18 IB 19 

19 19 19 19 19 19 19 19 14 19 

19 19 19 19 19 19 19 19 19 19 

19 19 19 19 19 1" 19 20 20 20 

20 20 20 20 20 20 20 20 2U 20 

20 20 20 2 0 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 '0 20 

20 20 20 20 20 20 2 0 20 20 20 

20 20 20 20 20 20 20 20 2 0 20 

20 20 20 20 20 2C 20 »0 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 2 0 20 

20 20 20 20 20 20 2 0 20 2 0 20 

20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 2 0 20 20 20 

20 20 20 2 0 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 16 

.562      BE4N   SENSITIVITV   • 

•• 

■ 
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SAM    FEDHO   HARTia    (LOK) 

mm MJ.   .0 „'no;',,525.2,n.   s»»?«,"!?,   ?i2T,: "aTa*;.6 Ä" . 

04Tt 
TBEE   KING   INDICES 

2 3 «. 5 

1*<H 
USD itt IU 11. 91 80 100 79 J9 105 

100 
60 

l-ibO 109 86 99 107 130 7 3 114 1 18 101 96 
UTO 8? 5". 92 124 106 101 140 123 127 1 13 ueo 1 00 107 95 111 118 112 7? 105 89 1 23 i^io 125 97 38 103 85 40 84 94 127 105 
liOO 86 117 105 9 0 1 38 131 64 1 33 121 151 
IV 10 «.<. l*t 102 128 111 99 84 9 3 95 1 35 
li20 91 22 68 101 115 127 127 102 68 108 
1'J30 117 109 98 1 JO 106 96 112 11 1 72 1 3? 
1!I<I0 Ht 139 48 124 9 7 7? 1 16 123 95 1 47 
liiO 1?8 106 11 7 91 100 114 106 76 7 5 89 
1560 99 7H 99 70 1 0 B 113 52 90 118 1 10 
1570 1Ü0 8 6 9t 46 3, 61 84 78 80 48 
I'JSO 7 9 10? 130 107 32 27 96 85 18 92 

1 23 
1 i^O ■.S >i9 73 9 7 9 3 10? 124 56 124 
1600 m 102 91 119 122 107 98 88 116 9 0 
1610 n? 1-3 79 10 104 113 101 123 105 95 
1620 91 l?? IOC 68 68 111 51 98 1 11 1 23 
1630 1?3 .03 31 56 92 123 139 107 145 105 
Ib^O 1 31 119 10b 97 126 1 14 1 11 125 49 1 25 1650 1 H 1 IS 137 93 14 126 118 117 123 1 24 
1(60 l«.". 131 147 165 125 31 135 108 92 ■,7 
1670 16 122 104 )5 107 63 33 112 91 107 
16R0 ÜB 123 124 1 24 1C9 115 115 ue 128 131 
1690 102 7P 130 1 15 122 105 103 96 1 00 143 1 700 1 20 13? 120 ')9 100 116 104 104 104 80 
1710 
1720 

99 
127 

81 
134 

87 
130 

79 
144 

10 8 
118 

94 
140 

59 
156 

113 
100 

1 18 
94 

126 
82 

1730 112 116 11? 75 105 62 85 12', 1 18 86 
WdO 101 126 79 108 107 118 106 140 122 134 
1750 123 96 14 41 26 57 74 71 103 120 
1760 114 7« 106 50 7 9 8 2 102 90 96 108 
1 770 96 106 12« 125 122 134 1 11 38 73 89 
1780 B« 9 5 34 111 141 107 122 120 100 105 
1710 65 110 140 1 33 1C7 99 85 74 93 112 

62 
1800 Ul 132 134 129 107 1 16 107 83 102 
1810 1 1 7 113 99 95 96 104 121 120 128 91 
1820 17 106 73 69 111 93 1 38 125 109 31 
1630 78 75 9 0 94 98 106 110 103 113 114 
18<.0 109 69 94 51 99 42 115 34 122 iOO 
1850 121 106 106 127 122 129 126 98 1 17 103 
1860 9 5 118 120 1 )8 94 100 121 88 121 1 13 
1870 91 7 5 7? 74 9 6 91 83 59 101 61 
18R0 
1890 

100 
127 

73 
130 

74 
131 

74 
11' 

114 
83 

106 
97 

111 
1 01 

106 
103 

93 
85 

95 
64 

1900 2H 86 53 76 5 4 115 102 116 120 140 
1910 120 1 16 94 93 116 91 l HO 130 1 36 
1920 ll<i 78 127 85 95 73 106 81 46 
1930 
1940 

135 
1 2 3 

1 3 7 
113 

100 
117 

87 
108 

JO 
85 

106 
85 

1t 
103 

96 
98 

104 
13 

92 
9( 

19S0 
I960 
1970 

62 
105 
If, 

89 
34 
79 

83 
119 

103 
87 

109 
52 

7? 
125 

38 
1 19 

121 
15? 

125 
137 

137 
129 

NUHBEB   OF    SAMPLES 

3 4 5        6 7 

1 1 1 1 1 1 1 
2 2 2 3 3 3 3 
3 3 3 3 3 3 3 
3 4 4 4 4 4 4 
4 4 5 ,5 5 5 5 
5 5 5 5 5 5 6 6 
6 6 7 7 7 7 7 7 
7 7 7 7 8 8 8 8 8 
8 8 8 8 8 8 8 8 8 8 
8 8 8 8 8 8 8 9 9 9 
9 9 9 9 9 9 9 9 9 9 
9 9 9 9 9 9 9 9 9 9 
9 9 9 9 9 9 9 9 9 10 

10 10 10 10 10 10 10 10 10 10 
10 10 10 10 10 10 10 10 10 10 
11 11 11 11 11 11 11 11 1 1 11 
11 11 11 11 11 U 12 12 12 1? 
13 13 13 13 13 13 14 14 14 14 
14 14 15 15 15 15 16 17 1 7 18 
19 19 19 19 19 19 20 20 20 20 
20 20 20 20 20 20 20 20 2 0 20 
20 21 21 21 21 21 21 22 22 22 
22 22 22 22 22 22 22 22 2? ?3 
23 23 23 23 23 24 24 24 24 24 
24 24 24 24 24 24 24 24 24 25 
25 25 25 25 25 2 5 2 5 23 2 5 2 5 
25 25 25 25 26 2 b 26 26 26 26 
26 26 27 27 27 28 28 '9 29 29 
29 29 29 29 29 29 29 29 29 29 
30 31 31 31 31 31 31 31 31 31 
31 31 31 31 31 31 32 32 32 32 
3? 32 32 33 33 33 33 33 34 3 5 
3 5 35 35 35 35 3 5 35 3 5 3 5 3 5 
36 36 36 36 36 36 36 3 6 3 6 3 6 
36 36 36 3 5 36 36 3b 3 b 36 3b 
36 36 36 3 6 36 36 3 6 3t 36 36 
36 36 36 36 3b 3 b 36 3 b 3b 36 
36 36 3t 36 36 37 37 17 38 3 8 
38 38 38 38 38 3 8 38 38 38 3" 
SB 38 38 3« 38 38 38 38 3b 38 
38 38 3 8 38 38 38 3" 38 18 38 
38 38 38 38 18 3P 38 38 3 8 38 
36 38 38 3 8 38 38 38 38 38 38 
38 38 38 33 38 38 38 38 )8 38 
38 37 37 37 37 37 37 37 37 37 
37 37 37 37 37 37 37 37 37 37 
37 37 37 37 37 37 37 37 37 37 
3 7 35 35 3 5 3 5 35 35 3 5 3 5 3 5 
35 35 3 5 35 3 5 3 5 35 35 3 5 35 
36 35 35 35 35 35 35 35 3 5 3 j 
35 35 35 34 34 34 j4 34 34 34 
34 33 33 3 3 33 3J 33 3) 33 33 
33 13 

SEH41   CORRELATIOh   • .278      STAN048D   DFiMATION   • 
.273     «FAN   SENSITIVITY   • 
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KETCHUB   6   »AH«   SPBINGS ID OS»        C.».   FEBOUSO» 
535510   PS1E     U5   tlKUH   111*1911   182911     14451   1521:1965     26C   SB:   .50   SD:   .30   US:   .2» 
AZ-999   SL-99   NUTES:    PUB.    1»   "TREE-BIBG   CHBO».    FOB   DEIDBOCL tBJTIC   HtLTSlS*   1976 

DATE 
TKtE   KING   INDICES 
2 3 4 5 

1'J21 33 32 »9 47 67 64 51 61 6 

1530 6a 6<i 39 3 4 5 2 73 69 75 98 87 

1!><I0 61 50 72 69 92 80 1 16 131 1 39 163 

liiO 163 130 165 99 5 3 79 90 151 113 1 15 

1560 1 I* 113 100 87 162 87 106 77 107 109 

1570 79 32 78 75 1G6 132 96 134 82 100 

1560 Ift 56 8 6 110 62 73 92 89 50 74 

1590 58 86 114 55 91 43 136 136 89 149 

1600 65 109 80 79 11 > 106 152 106 IPO 140 

1610 i 35 106 133 150 130 140 130 202 129 109 

1620 67 19«, 137 119 159 135 71 94 92 69 

1630 64 5 3 a 9 5 67 124 119 83 106 100 

i.b<iO 121 151 207 181 129 129 112 110 «6 140 

1650 152 146 HI 109 153 34 97 66 77 82 

1660 70 102 96 71 104 69 106 57 107 103 

1670 92 154 172 124 167 133 HI 112 53 94 

16d0 82 ^9 112 79 113 117 108 185 no 145 

1690 121 97 101 1 19 112 52 63 85 103 131 

1700 157 126 167 71 99 102 90 106 63 76 

1710 83 91 99 93 ei 74 1 11 76 83 76 

1720 99 46 71 82 91 80 101 99 122 75 

1730 79 90 90 76 95 89 53 90 118 104 

1740 »9 111 95 9 9 82 112 130 106 105 140 

1750 139 12 5 116 119 94 114 97 67 91 106 

1760 118 142 105 95 105 97 130 152 126 116 

1 770 97 112 111 119 9? 121 110 6? 75 90 

1780 101 74 52 53 74 76 82 93 77 114 

1790 96 106 134 126 82 41 103 108 73 100 

1900 7". 84 97 121 89 101 100 80 93 69 

leio 101 104 105 103 91 90 106 110 109 1 11 

1820 120 \ih 70 7 0 72 94 109 105 152 95 

1830 102 70 108 106 76 112 114 102 112 195 

18*0 99 95 79 119 95 94 79 9 0 102 104 

1650 111 9 8 95 117 132 140 93 99 97 75 

1860 128 115 96 116 73 74 139 98 129 107 

1670 102 74 95 100 97 99 102 114 107 126 

1660 95 111 99 m 9 9 116 64 99 94 71 

1890 67 97 99 72 99 102 83 81 124 72 

1900 99 89 66 73 90 97 112 144 151 112 

1910 120 152 108 151 19-, 190 182 107 122 113 

1920 91 105 96 U7 93 123 96 97 90 81 

1930 79 72 79 76 61 85 6 7 93 74 89 

^".O 69 95 111 82 9 6 100 92 102 86 86 

1950 79 99 100 108 74 J6 93 102 69 97 

1960 74 70 90 116 101 123 

SEBISL   C0HREL4TIQN   ■ .495      STANDARD   DEVIATION 

NUMBER   OF   SAMPLES 
3 4 5        6 7 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 I 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 2 2 2 2 2 2 ? 

2 2 2 i 2 r 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 

2 2 2 ? 2 2 2 2 2 3 

3 3 3 3 3 3 3 3 3 3 

3 3 3 4 4 4 5 5 5 5 

5 5 5 6 6 6 6 7 7 7 

7 7 7 7 7 7 7 7 7 7 

9 9 9 9 9 9 9 9 9 9 

9 9 9 9 10 10 10 10 11 11 

11 11 11 11 11 11 11 12 12 12 

14 14 14 14 14 14 14 14 14 14 

15 15 15 15 15 15 15 15 15 1! 

16 16 16 16 16 16 16 17 17 17 

18 16 18 19 18 16 19 19 19 19 

16 19 19 19 19 20 20 20 20 20 

22 22 22 22 22 22 22 22 22 22 

25 25 25 26 25 25 2 5 2 5 2 5 25 

26 26 26 26 26 26 26 26 26 2b 

26 26 26 26 26 26 2b 2b 26 2 6 

26 26 26 25 26 26 26 26 i'i 2^ 

26 26 26 26 26 26 26 26 26 7b 

26 26 26 26 26 26 26 26 26 26 

26 26 26 26 26 26 26 26 26 26 

26 26 26 26 26 26 26 26 ,2 b 2b 

26 26 26 26 26 26 2 6 26 26 26 

26 26 26 26 26 26 26 26 26 26 

26 26 26 26 26 26 26 26 2 6 26 

26 26 26 26 26 26 26 26 2 6 26 

26 26 26 26 26 26 

.298   MEAN sENsirmrr .236      N   •      445 



45 

DINKEBITO   «»3H   I. 
1130t1)   PIED      514    3610N 
»ZlSQt   31:10   NOTBS:    PU 

»Z US»        J.S.    DEU   &   ».C.   14II»«C«E 
11030»   1920«     t05r  1567:1971     22C  SRJ   .10  SD:   •"  "S:   .50 
B     I»   "TIEE-BKG   CHRO».    fO«   DEEDIOCIIMTIC   »i«L»SIS-   1976 

TBEt RINC INDICES 

D«TE 0 1 2 3 ". 5 6 7 6 9 

1567 
I'jTO 111 110 9 5 96 90 123 96 

l"^ 
155 

98 
125 

81 
91 

1580 9J 97 76 J9 49 1* 111 126 151 96 

15><0 53 59 62 123 153 109 1 16 90 62 105 

1600 6 0 50 in 13". 163 123 127 107 65 156 

1610 137 133 44 29 91 114 91 129 B9 67 

16?0 16<i 209 15 1 50 70 9 5 15 106 95 99 

1630 70 8 39 105 106 133 106 6". 59 99 

16^0 1 kO 147 161 125 116 1 16 123 162 65 113 

1650 1 39 17? 141 108 1? 169 164 37 "■ö 103 

1660 160 164 91 65 75 97 71 31 12 'tl 

1670 30 5 9 93 1 16 123 52 3 9 106 77 45 

16H0 1 49 165 131 177 107 67 66 131 79 129 

\b10 10? 109 120 119 72 139 76 75 125 122 

1700 
1710 

3? 
ll«. 

132 
94 

97 
91 

93 
84 

66 
7 9 

125 
79 

155 
66 

65 
91 

64 
140 

9". 
137 

weo 1 ?6 136 U4 1 36 126 157 177 119 6 7 

1730 59 77 90 30 46 2 57 23 59 52 

WiO 39 9 5 70 L49 119 184 196 193 92 225 

173 0 
1760 

79 
148 

125 
129 

95 
131 

69 
73 

96 
155 

-,7 
65 

95 
157 

65 
122 

123 
139 

150 
94 

1770 
1/3 0 

99 
35 

117 
61 

105 
39 

54 
28 

99 
93 

103 
2« 

99 
65 

95 
115 

?? 
61 

56 
91 

17^0 1 7 120 133 196 144 156 155 115 97 130 

1 BOO 125 91 97 102 119 5 0 105 no 39 79 

1610 43 105 92 5 75 66 1*0 116 10 9 

1620 3 9 5 1 31 76 99 90 65 105 5 

1630 92 1 11 98 130 117 159 139 180 ?39 215 

lö'tO l-ib Hi 100 109 179 30 128 12 117 206 

18 5 0 178 BO 195 112 75 127 137 «.9 U4 113 

1860 48 b 169 51 7 116 162 191 175 117 

1970 69 17 37 '♦*. 99 66 25 91 75 20 

1860 39 22 55 47 101 1 10 86 2 5 105 11 1 

leto 159 125 IJ4 116 32 133 36 112 93 6 

1900 54 5"! 1 120 3 0 150 150 15? no 139 

I'llO 1 15 151 139 149 163 179 165 159 61 1<.7 

1920 179 no 124 183 173 140 155 153 99 93 

1930 71 94 169 156 112 111 66 179 1?9 95 

It'tO 93 187 163 129 1 5 0 156 91 92 135 157 

1950 110 56 163 40 48 139 15 110 91 15 

1960 100 77 92 77 56 133 101 90 75 103 

1970 99 101 

NUMBER   OF   S'HlaES 
3 5 5        6 7 

1 1 

1 1 1 1 1 1 

I 1 1 1 1 1 

1 1 1 1 1 1 

1 1 3 3 3 3 

<. 4 <. 4 <. 4 

5 5 5 5 4 4 

■. 4 5 5 5 5 

6 6 6 6 6 6 6 6 6 

6 6 6 5 6 6 0 6 6 6 

6 6 6 6 6 6 6 6 6 6 

9 8 9 9 6 8 9 6 6 9 

6 9 6 9 9 P 8 9 6 9 

10 10 10 10 10 10 11 11 11 11 

1 1 11 1 1 11 11 11 11 11 1 1 11 

13 13 13 n 15 15 14 19 14 15 

15 15 15 15 15 15 15 15 15 15 

15 15 15 15 15 15 15 15 15 15 

16 16 16 19 19 16 19 19 1» 19 

19 19 19 19 19 19 19 19 19 19 

21 21 21 21 21 21 21 21 21 21 

2 1 21 21 21 21 21 21 21 21 21 

21 21 21 21 21 21 21 21 21 21 

21 21 21 21 21 21 21 21 21 21 

21 21 21 21 21 21 21 21 21 21 

21 21 21 21 21 21 21 21 21 21 

21 21 21 ?1 ?1 21 21 21 21 21 

21 21 21 21 21 21 21 21 21 21 

22 ?? 22 22 22 22 22 22 22 22 

22 22 2? 22 22 22 22 22 22 2? 

22 22 22 22 22 22 22 22 22 22 

22 22 2? 22 2 2 22 22 22 2 2 22 

22 22 22 2? 22 22 22 22 22 22 

22 22 22 22 22 22 22 22 22 22 

22 22 22 22 22 ?! 22 22 22 22 

22 22 22 22 2? 22 22 22 22 22 

22 22 22 22 22 2? 22 22 22 22 

22 22 22 22 2? 22 22 22 22 22 

22 22 22 22 22 22 22 22 22 22 

22 22 22 2? 2? ?? 22 22 22 2? 

22 22 22 22 22 22 22 22 22 22 

22 2 2 

SER141   COmUTIOM   •        .503     ST»NO»»D   DEVIATION   •       .571     5t4N   SENSITIVITY   • 



      I "» 

SHOD   10* 
252000   PIPO      S6   3lt15N 

25   SI.:]S   NUTE3:   PU A7: 

04TE 

ISIÖ 
1600 
1610 
1620 
1630 
U^O 
1650 
1660 
1670 
1680 
IblO 
WOO 
1710 
1720 
1730 
17<iO 
1750 
1760 
1770 
1760 
17<(0 
1600 
UIO 
1820 
1830 
18'i0 
1850 

1860 
1870 
1860 
18S0 
1900 
1910 
1920 
1930 
IQ'.O 
1950 
1960 
1970 

".2 
189 
152 
12? 
123 
113 
121 

2 
I'.O 
227 

n 
131 

'.O 
112 
130 

60 
98 
79 
a* 
31 
71 

1 
9'. 

211 
130 

132 
112 

79 
159 

0 
137 
137 
103 

81 
".9 
93 
72 

17 
151 
16? 
116 
117 

96 
17* 

"■8 
150 
183 
13<i 

85 
11? 

31 
106 

75 
23 

1?9 
53 

13". 
16 
'•5 
83 
65 

11? 
113 

25 
70 
5 9 

155 
127 
2 39 
115 

91 
IM 

?1 
5'i 
10 

TKEE 

2 

60 
IS« 
13? 

*0 
125 
110 
16? 

I« 
133 
223 
155 
1 16 

95 
72 

161 
10 
95 

119 
7 

1*5 
7 6 

HI 
l* 
69 
?7 

119 
123 

91 
100 
161 

19 
173 
158 
16« 
111 
121 

99 
105 

109«")«   2073H      3 
B,    IN   "TiEB-BtM 

KINO  IHDIC6S 
3 « 5 

U        US»        J.S.    DE»i   «   D.O.   B01IDM 
77Y   1596:1972     2»C  SB:   .56  SD:   •" J»' 
S   Cliio..    70i   DEilDiOCtHMIC   HittSlS« 

.52 
1976 

NU^BE«   If   S4HPLE5 
3 * 5        6        7 

89 
75 
95 
90 
79 
6". 

170 
38 

137 
178 

99 
103 

9? 
29 

m 
27 
3'. 

9 
94 

Z'.6 
1 

109 
1 

11«. 
10 

138 
71 
5«. 
98 
55 
9". 
91 

196 
9". 
79 
56 

10". 
135 

5 0 
70 

117 
35 

i39 
110 

17 
196 
106 
131 

M 
51 

171 
70 

162 
9? 

165 
79 
62 

173 
90 
97 

If, 
86 

6 
77 

1*3 
5 6 

0 
Ifi 
193 

99 
121 

70 
26 

75 
12? 

9«. 
96 

133 
70 

151 
123 

7 
207 
126 

91 
1?5 

6 
2'.1 

100 
59 
<i6 

117 
35 

204 
99 

1*8 
50 

109 
153 

96 
139 

97 
151 
192 
130 
107 
117 

14 
131 

67 
89 
99 

3? u* 
87 
6'. 
93 
9? 
60 

107 
100 
40 

140 
51 

336 
39 

148 
96 
89 
77 
14 

217 

113 
115 
59 
90 

177 
79 

105 
152 
140 
160 
171 
1?1 
70 
41 
82 

51 
131 
146 

7? 
133 
139 
71 
79 
92 

128 
92 
35 
73 

112 
62 

265 
37 
52 
43 
165 

78 
75 

177 
54 

136 

2 
42 

161 
65 
56 

163 
203 
195 
117 
15? 
97 

52 
56 

4? 

161 
203 
57 

104 
109 
74 
72 
56 
99 
49 
19 

117 
35 
73 
47 
86 
115 
10 
67 
69 
86 
71 

121 
221 
71 
140 

253 
101 
126 
118 
216 
1*5 
93 
100 
7? 

61 
119 

79 

166 
191 

9 3 
109 

107 
90 
22 
91 

154 
148 
43 
104 
3? 
89 

226 
98 
95 
97 
92 
94 
70 
6 

64 
272 
79 
53 

20? 
80 

142 
33 

216 
206 
103 
72 

116 
33 

100 

1 1 1 1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

I 
1 

1 
1 

1 
1 

3 
5 

3 
9 

3 
5 

3 
5 

4 
5 

4 
6 

4 
5 

4 
5 

4 
6 

4 
6 

7 
7 

7 
7 

7 
7 

7 
9 

7 
10 

7 
11 

7 
11 

7 
11 

7 
11 

7 
11 

*2 14 15 16 17 17 17 17 17 18 

19 19 20 20 20 20 20 ?0 2 0 20 

2 1 21 21 21 21 21 21 21 21 21 

2 1 21 21 21 21 21 ?1 71 21 21 

22 22 22 22 22 22 2? 22 22 7? 

22 22 2? 22 22 ?? 2? ?? 22 22 

?? 22 ?? 27 27 22 ?? 72 7? 77 

24 24 24 24 24 ?4 ?4 24 24 24 

24 24 24 ?4 74 74 24 24 74 74 

24 24 24 24 24 ?4 24 24 24 24 

24 24 ?4 24 24 ?4 24 74 24 24 

?4 24 24 24 24 24 24 74 24 74 

?4 24 24 24 24 ?4 ?4 ?4 24 24 

24 
?4 

24 
24 

24 
?4 

24 
74 

24 
24 

?4 
24 

24 
24 

24 
?4 

2 4 
24 

24 
74 

24 24 24 24 24 24 24 24 7 4 24 

?4 
24 

24 
24 

?4 
74 

24 
24 

24 
74 

24 
24 

?4 
?4 

74 
24 

74 
74 

24 
24 

24 
24 

24 
24 

?4 
24 

24 
24 

24 
24 

24 
24 

24 
24 

24 
24 

24 
24 

24 
24 

24 
24 

24 
24 

24 
24 

74 
24 

24 
24 

24 
24 

24 
24 

74 
24 

?4 
74 

24 
74 

24 24 74 24 24 24 24 24 24 24 

24 24 24 24 24 74 24 24 24 24 

24 24 24 24 24 24 24 24 24 24 

?4 24 24 24 74 ?4 24 24 24 74 

24 24 24 Ü* 24 24 24 ?4 74 24 

24 ?4 24 74 24 74 24 2* 24 74 

24 24 74 74 . 4 74 24 24 ?4 74 

24 
24 

24 
24 

24 
24 

24 
24 

24 
24 

24 
74 

?4 
74 

24 
74 

?4 
24 

?4 
74 

2 4 24 8 

StRUL CQKRaATinN • ,565  ST»NnM>D DEVUTION 
.551  HE»N iENSITIVITT - .5 2*  N 377 
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DITCH   CANYON N1 US»        DEAN,    ROBINSON   S   BOVDEN 
012000   PiPO      5i)    3700N   107U9»   207111      1117Y   1555:1971      2'tC   SB:   .51   SD:    .10   HS:    . ib 
A,     ! I',    ,L:I'.   NOTES:    PUB.    IN   "TIEE-BING   CHBON.    EOI   OiaDROCLINATIC   KALTSIS*   1976 

47 

DATE 
IB6E   RING   IMOICES 
2 1 <. 5 

NUHBER   Of   SAMPLES 
3 <! 5        b 7 

1555 104 10* 137 91 66 1 1 1 1 1 
1560 6<< 108 99 1?7 14? 1 94 168 127 140 136 2 2 2 2 2 2 2 
1570 96 128 9 7 57 6 0 66 46 82 64 33 3 3 3 3 3 3 3 

1560 hh HZ »I 9 14 0 39 5 5 8? 119 3 3 3 3 3 3 3 

1 590 5 0 121 71 79 114 114 1 77 1?6 123 149 3 3 3 3 3 3 3 

IhOO 95 107 103 8H 1G5 135 147 117 148 154 3 3 3 3 3 3 i 
IblC 170 139 146 106 126 98 100 117 147 128 4 4 4 4 4 4 4 

1620 1 33 10? 83 81 79 76 52 94 76 117 5 5 5 5 5 5 5 

1630 105 9<- 62 103 10) 100 151 106 105 1 33 5 5 6 ft 6 6 6 

Ib-iO 161 120 10« 99 120 jn 69 130 67 116 9 9 9 9 9 9 9 9 9 

1650 U3 119 1 13 127 76 1?? 134 113 70 "1 10 10 10 10 10 10 10 10 10 10 

1660 99 103 9« 76 4 3 7 3 53 29 24 30 10 10 10 10 10 10 10 10 10 10 

1670 «.3 81 120 130 147 107 45 84 69 87 10 10 10 10 10 11 11 11 11 11 
1660 119 93 101 130 49 4 94 112 132 139 11 11 1 1 1 1 12 1? 1? 12 1? 1? 
1690 1 30 1<.9 M6 176 145 163 84 164 146 1 71 12 1? 12 12 1? 12 1? 1? 1? 1? 
1700 133 156 M«. 93 88 163 130 61 70 1 06 13 14 14 14 14 14 14 14 14 14 

1710 129 no Ill 100 U4 8? 88 8b 132 123 14 14 14 14 14 14 14 14 14 I* 
1720 163 120 106 188 94 171 161 123 143 37 14 14 14 14 14 14 14 14 14 14 

1730 9 3 10«. 1*1 101 1 19 8 7 5 54 94 63 15 15 15 15 15 15 15 15 15 15 

17*0 63 71 73 101 73 1 17 154 126 26 146 15 15 15 15 15 16 16 16 16 16 
1750 79 5 9 37 45 1 15 39 4 3 71 78 62 16 16 16 If 16 U 16 16 16 16 

1760 73 101 9 0 83 130 8? 155 136 147 163 16 16 16 1» 16 16 16 16 16 16 

1770 1 77 169 166 9 5 145 121 84 99 89 8 5 16 16 16 16 16 16 16 16 16 16 

1780 53 80 6? 94 116 6 7 9H 128 8 8 85 16 16 16 16 16 16 16 16 16 16 

1790 58 12". 90 138 61 86 89 55 91 149 16 16 16 16 16 16 16 16 16 16 

1800 111 55 137 103 104 ao 44 95 117 "5 16 16 16 16 16 16 16 16 16 16 

1810 1 18 l?-. 13? 124 146 149 176 104 36 36 17 17 17 1 7 17 17 17 18 1» 18 

1620 19 82 «3 11 22 77 91 53 110 90 18 18 18 18 18 18 18 18 18 18 

1830 160 126 15* 135 111 151 87 68 105 114 19 19 19 20 20 20 20 20 20 20 

mo 113 12? 63 61 6 7 6 5 87 11 88 106 20 20 20 20 20 ?0 20 ?? 22 2? 

1650 97 u 1*3 12S 1 34 112 1 04 94 96 81 ?? 23 23 ?4 ?4 2* 24 2 4 24 2* 
1860 98 20 no 10 1 56 106 105 119 198 151 24 24 ?4 24 ?4 ?4 ?4 2* ?4 ?4 

1870 S8 55 63 7 6 92 105 37 129 9 5 70 ?4 24 24 24 24 24 24 2 4 ?4 2* 
1880 77 70 92 91 12a 169 139 151 147 137 ?4 24 ?4 24 24 24 ?4 2* ?4 ?4 

1690 166 137 111 98 5? 6 9 40 123 106 59 23 23 23 ?3 23 ?3 23 2 3 23 23 
1900 53 74 8 114 30 104 102 165 139 164 23 23 23 ?3 23 23 23 23 23 23 
1910 HO 203 12« ^0 203 167 175 130 10? 145 23 2 3 '3 23 23 ?3 23 23 23 23 
1920 U6 170 10 1 135 130 9? 108 112 10? 1 IB 23 23 ?3 ?3 23 ?3 23 23 23 23 

1930 101 )0 134 86 (4 108 7? 101 121 63 23 23 23 ?3 23 23 23 23 23 23 
19*10 89 138 HI i4 9? 85 20 66 73 111 22 ?? 22 22 2? 22 22 22 22 22 
1950 ".2 18 7". 17 73 44 29 9 6 73 41 22 22 22 22 22 ?? 2? 22 22 22 
1960 108 81 67 85 3 7 110 V 93 109 117 22 2? ?? 22 22 22 22 22 22 22 
1970 91 106 22 22 

SERIAL   CORRELATION   • JTANOABD   DEVIATION   • .395      MEAN   SENSIIIVITT    ' .362      N   ■      417 
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EL BOR» 

»Z: •■> 

DATE 

1S50 
IbbO 
1570 
1580 
1590 
IbOO 
1610 
1620 
1630 

IbiO 
1650 

1660 
1670 

1660 
IblO 
1700 
1710 

1720 
1730 
IHO 
1750 
1760 
1770 
1760 
1790 
1800 
leio 
1820 
1830 
leso 
1850 
1860 
1870 
1880 
1690 
1900 
1910 
1920 
1930 
19*10 
1950 
1960 
1970 

0   I. 
PIPO      M   J502N 
3L:25   KOTES:    P« 

TtBI 
0 1 2 

J.S.   DE»»   S   ».   »OOLPE«DEII 

10821 
B.    IM 

RING 
3 

>»•   i<;if,-i972     22C  SB:   .«"   SD:   .55  ÄS:   .56 u   2225B     U 
•TREE-RIIO   CHBO«.    tO 

INDICES 
i, 5 

NUKBE» OF StfRLES 
3   <.   5   6   7 

126 
113 
79 

112 
15 
7 

S". 
213 
203 
179 

182 
157 

119 
to 

167 
1*6 
6«. 

1 36 

206 
96 
5 7 
T, 
91 

II* 
23 
52 
7". 
71 

100 
120 
256 
118 
105 
130 

3 
U 
11 

1*0 

195 
170 
128 
78 

109 
120 

160 
175 

3 
115 
".7 
26 
63 

207 
150 
9e 

113 
220 

m 
20 
uo 
127 

125 
115 
8 0 
8? 
73 

159 
5". 

132 
*2 
101 

IM 
87 

174 
98 
33 
<tb 

12 
97 

1,1 
191 
99 
70 

2'>5 
7 

^2 

?5 
128 

i 
20'! 
58 

1 
80 
133 
82 
11 
90 

255 

127 
95 

107 
192 
5b 

151 

138 
16". 
99 
57 

195 
107 
17 

171 
75 
6* 
17 
83 

103 

109 
103 
36 

109 
75 

«.S 
166 

86 
130 
139 
76 
81 

136 

160 
".1 
«.0 
19 

7 

106 
69 
93 

195 

111 
109 

160 
92 

150 
177 
52 

105 

2 08 
-.7 

1*7 
53 

102 
60 

130 
195 
57 
92 
39 

190 
39 

82 
66 
«,5 

91 

*e 
'.3 
106 

58 
56 

12". 
50 

105 

151 
95 
79 
10 
26 
76 

161 
133 
67 

187 

150 
89 

69 
19 

19 
165 
12 

105 
(-3 

122 
5* 

109 

1*2 
110 
189 
189 
113 
IC) 
7 5 
s* 

165 

U8 
l* 
62 
1*6 
23 
6 

165 

135 
90 
65 
".9 

139 

100 
121 
157 
"19 
2 

10' 
109 
108 
55 
89 

lO* 
139 
99 

119 

3 
175 
76 
62 

115 
10 

136 
32 
86 
53 

112 
126 
6* 

17* 
106 
93 
99 

137 
ü9 
90 

160 
112 
113 
178 

66 
1*9 
91 
3* 

161 

1*0 
100 
17* 
50 
30 
59 
7* 
HO 

lii 
*5 

193 
135 
1*1 
33 
*9 

50 
6? 

13* 
1* 

172 
98 

229 
*9 

131 
63 

113 
57 
19 

222 
66 
97 

100 

111 
9* 
81 
*9 
30 

119 
171 

132 
163 
*6 
*7 

151 

165 
72 

209 
35 
77 

129 
111 
138 

199 
10* 
9* 

1*7 
65 

3* 
73 

70 
109 
61 
56 

96 
75 

231 
6* 
68 
30 

196 
57 

133 
206 
99 
96 
20 

131 
102 
127 
73 
59 

203 
156 

130 
13* 
57 
25 

69 

103 
30 

135 
13 
93 

123 
202 
173 
127 
111 
91 

150 
80 

1* 
31 

123 
58 
59 
97 

22 
123 
36 

111 
127 
5 7 

90 
81 

107 
152 
132 
137 
129 

156 
218 
69 

113 
79 

25* 
102 

103 
106 
1*0 
86 

173 

126 
26 

151 
60 
0 

72 
78 

258 
129 
20* 
169 

126 
55 
32 

116 
107 
175 
97 

102 

10 
20 

182 
1** 
78 
51 
67 

12* 
156 
68 
72 

223 
111 
9* 

175 
*0 
67 
8 

112 
200 

98 
92 

119 
9 

139 

3 
3 
3 
3 
3 
3 
3 
3 
* 
* 
5 
5 
5 
5 
6 
6 
9 
9 

10 
16 
16 
17 

20 
20 

21 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 

22 
22 
22 
22 
22 
22 

22 
22 

3 
3 
3 
3 
3 
3 
3 
3 
* 
* 
5 
5 

5 
5 

6 
6 
9 
9 

10 
16 
16 
17 

20 
20 

21 
22 
22 
22 
22 
22 
22 

2? 
22 
22 
22 
22 

22 
22 

22 
22 
22 
22 
22 
22 

3 
3 
3 
3 
3 
3 
3 

3 
* 
* 
5 
5 
5 
5 
6 
7 
8 
9 

10 
16 
16 
17 

20 
20 

21 
22 
22 
22 
27 
22 
22 
22 
22 
22 
22 
22 

22 
22 

22 
22 
22 
22 
22 
22 

3 
3 
3 
3 
3 
3 
3 
3 
* 
* 
5 
5 
5 
5 
6 
9 
9 
9 

10 
16 
16 
17 

20 
20 

21 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 

22 
22 

22 
22 
22 
22 
22 

3 
3 
3 
3 
3 
3 
3 
3 
* 
9 
5 
5 
5 
5 

6 

9 

11 
16 
16 
18 

20 
20 

21 
22 
22 
22 
22 
22 
22 
27 
22 
22 
22 
22 

22 
22 

22 
22 
22 
22 
22 

3 
3 
3 
3 
3 
3 
3 
3 
* 
! 
5 
5 

5 

8 

9 

12 
16 
16 
19 

20 
20 

21 
22 
22 
22 
22 
22 
22 

22 
22 
22 
22 
22 

22 
22 

22 
22 
2? 
2Z 
22 

1 
3 
3 
3 
3 
3 
3 
3 

3 
* 
5 

5 
5 

5 
5 

6 
9 

1 

3 

3 
3 

3 

3 

3 

3 

3 
* 
5 

5 
5 

5 
5 

1 

3 

3 

3 

3 

3 

3 

3 

3 
* 
5 
5 
5 

5 
5 

6 
8 

9 9 10 

13 15 15 
16 16 16 

1h 16 16 

19 19 19 

20 70 70 
20 to 20 

21 21 72 
22 22 22 

2? 22 27 
27 2? 7? 

22 22 22 
22 22 22 

22 22 27 

22 22 22 
22 22 27 

22 22 72 

22 22 22 
72 22 22 
22 22 22 
22 22 72 

22 22 22 
22 22 22 
22 22 22 

22 22 22 
27 77 ■>z 

2 

3 

3 

3 

3 

3 

3 

3 

* 
* 
5 

5 
5 
5 
5 

6 
9 
9 

10 

15 
16 
16 
19 

20 
20 

22 
22 
22 
22 
22 
2? 
22 
22 
27 
22 
22 
2? 

22 
2? 

22 
22 
22 
22 

22 

SERUt CORRElillON ■ 
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TURKEr   SPRINGS »H US» DEIN   IIOOIF'«   BOB'SO«,    BUBNS 
J72C0O   PIPO      bO    J52ltN    10831«   2477n      378y   1595:1972      26C   S«:   .1(5   SD:    .51   US:    .53 
»2:295   5L:30   NOTES:    PJf.    IN   "TBEE-RING   CHBO».    FOB   OEIDBOCLIHiTIC   HilTSIS"   1976 

0»TE 

THEE PING INDICES 
? 3 <! 5 

NUMBE»   Of   S«"PLES 
3 "i 5        6 7 

1595 91 119 <.". 2«. 87 1 1 1 1 1 

1600 n W *1 91 1.6 97 55 90 91 103 i 1 1 ? 2 ? 7 2 2 2 

2 

3 
1610 1?3 105 122 »5 135 155 9? 2'.e 209 105 2 2 2 2 2 2 7 2 2 

1620 222 2'.5 in 9 0 «.5 <.<. 69 97 95 105 2 2 2 ? ? 3 3 3 3 

1630 1 13 77 «.3 103 87 107 93 60 66 105 ". «. * <, * S *. ^ ^ 6 

16<.ü 119 117 in 123 110 95 101 131 70 91 7 7 7 9 8 9 10 10 10 10 

1650 lO1! 193 195 93 79 129 160 93 56 69 10 11 11 11 11 1 2 12 12 12 1? 

1660 97 109 105 121 B6 127 «0 <.7 20 39 13 13 13 13 13 1 3 13 13 13 13 

16 70 2 3 63 9 5 120 1C7 113 63 7 5 39 85 15 15 15 16 16 17 17 IB 19 IB 

1690 123 135 12? 161 '.2 5 r* 88 121 l?«. 23 23 23 23 23 ?<. 2'. 2 5 2 5 75 

1690 125 99 151. l«.* l?ä 138 63 130 109 196 26 26 26 26 26 26 26 76 ?b 26 

1700 101 192 12? 113 69 105 166 95 77 125 26 26 26 26 26 26 26 26 76 ?b 

1710 18<> l«.". 15« 86 122 86 ** 71 123 92 26 26 26 26 2« 26 26 7t) 76 76 

1720 209 th M 12? 39 163 178 96 5 0 I 26 26 26 26 26 2 6 26 26 ?6 26 

1730 61 75 11B to 6 5 1 20 ".5 75 2* 26 26 ?6 26 26 26 26 26 76 76 

17'»0 67 61 57 127 5 9 139 200 212 29 171 26 26 ?6 26 26 26 2 6 26 26 26 

1750 119 1.9 31 16 10 1 53 36 59 93 121 26 26 26 26 2 6 26 26 26 7b 26 

1760 126 93 116 ".1 129 «.3 161 95 16* 159 26 26 26 26 26 26 26 76 76 76 

1770 1 32 21'. ?oe 5? 109 116 96 37 65 59 26 26 26 26 26 76 26 26 76 26 

1780 7 9". 19 106 15 7 36 56 132 35 86 26 26 26 26 26 26 76 26 26 ?b 

1790 1Ü9 139 157 2'.7 U6 1 19 92 50 69 91 26 26 26 26 2 6 76 26 76 26 76 

1800 M '.6 53 31 109 59 20 120 111 93 26 26 26 26 2 6 26 26 76 ?(j 26 

1810 59 90 73 75 183 179 221 155 52 29 26 26 26 26 26 ?6 76 26 2 6 76 

1820 ".2 94 1 9 (, 3 66 57 *1 1*3 63 26 26 26 26 26 76 26 76 26 76 

1830 m 7? 5". 102 103 131 IS* i'.S 223 259 26 26 26 26 26 2 6 26 26 26 26 

Ib'iO 252 215 97 99 197 68 73 0 92 1*7 26 26 26 26 26 76 26 76 26 76 

1850 I 38 73 l«? 116 77 m 115 98 159 85 26 76 2t. 26 26 26 26 76 2b 76 

1660 132 u 117 69 2' 77 137 1*3 2*0 185 26 26 26 26 26 76 26 76 76 7b 

1970 IZ*. <.b ".1 59 111 101 67 11* 6«. 26 26 :.b 2L 26 26 76 26 76 26 76 

1880 3 26 100 99 132 155 121 91 170 128 26 26 26 26 26 2 6 26 26 26 26 

1890 1 19 H". 8". 58 3 5 10* 5* b<. 75 17 26 26 26 26 26 76 26 2 6 26 7b 

1900 0 51 It) ".7 0 96 112 137 !*<. 108 26 26 26 26 26 26 26 26 3b 26 

1910 1 19 191 118 77 136 189 265 178 16* 207 26 26 26 26 26 26 26 76 26 ?6 

1920 191 159 113 8 5 H« 99 136 11* 86 125 26 2h 26 26 26 76 76 76 26 7 6 

1930 127 T, 128 9*. 0 5 95 77 129 107 99 26 26 26 26 26 76 26 ?b 26 76 

19^0 90 16* 161. 110 103 1*1 88 1*0 15* 222 26 26 26 26 26 26 26 26 26 76 

1950 97 9 127 71 »M 37 23 9«, 86 «0 26 26 26 26 ?6 26 26 26 26 7 6 

1960 109 51 120 95 n 161 95 61 122 lie 26 26 26 26 26 26 76 7b 76 26 

1970 98 3". 122 26 20 20 

5ERIM    CORRELATION   • .'.51      ST4N04R0   DEVUIION   ■ .519   NEtN rENSirmir 
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SPANISH   CRE« 
31751(0   PSNE     hu   I4527N 
»Z-999   51:99   NOTES:   PU 

D»TE 

1623 
1630 
Ifc'iO 
1650 
1660 

1670 
16B0 
1690 
1700 
1710 
1720 
1730 
H'.O 
17i0 
1760 
1770 
17H0 
1790 
1B00 
1810 
1820 . 
1830 
IB-iO 
1850 
1660 
lb7& 
1880 
1690 
l-(00 
1910 
1920 
1930 
WO 
19!)0 
'960 

1970 

206 
117 
135 
183 
I'j". 
1 90 
10? 

96 
8!) 
97 

102 
125 

72 
69 
■>i 

13 ) 
33 

ne 
79 
92 
g] 
6 9 

11* 
120 
10 3 

80 
109 
136 
10". 

39 
PS 

112 
■19 

Ivl 

83 
133 

«9 
90 

ISb 
85 

116 
79 
77 

52 
112 
12* 
112 
121 
123 

9h 
61 
10 

133 
95 
Bt 
69 

102 
9« 
B6 
3 9 

119 

ISB 
U6 
127 

64 
".7 

96 

TSEE 

2 

65 
12". 

3 5 
es 
95 
*e 

167 
113 

9* 
117 
1-1 
128 
103 
125 
13 1, 

97 
92 

105 
68 

69 
129 

79 
61 

102 
92 

10«. 
173 

8 6 

U! 
ic 
lOt 
11« 
10? 
1C3 

11118 

B.    IN 

3 

91 
179 
203 

29 
99 

1 ii 
1<>0 

51 
112 
US 

95 
167 
119 
111 

67 
115 

60 
53 

120 
119 

59 
192 
fl 

133 
21 

109 
123 
172 
1*2 

9b 
119 

B* 
«i? 
99 

119 

BT OS« EEBGUSO«. DESP»I« B HOUSTO» 
I 1829B 3U9T 1623:1971 20C SB: .33 SD: • " «S: .36 
-TBEE-BIMG   CHBOB.    BOB   DBBDBOCt HITIC   »BiLISIS-   H76 

INDICES 
« 5 

too 
IS* 
IT* 

t-5 
9? 

Bl 
139 

93 
5 7 

130 
135 
127 

59 
93 
BO 
** 
96 
f 9 

HI 
l-S 

9<, 
B9 
s ) 

139 
63 

55 
68 

1 91 
127 

160 
13* 

3* 
h7 
50 
( 3 

175 
710 

67 
112 

3'. 
96 

139 
170 

68 

19* 
155 

77 
75 
6* 

102 
119 
101 

99 
57 
63 

90 
136 

65 
77 
55 
77 

101 

117 
115 
156 
191 

76 
97 
71 

110 

79 

83 
36 

*1 
126 
115 
116 

'.9 
102 
103 
103 

75 
110 

«.3 
73 
78 

101 
9? 
76 
51 

115 
»* 
61 

106 
106 
100 
112 
109 
113 
185 
10* 

60 
76 
61 
96 

3'. 

3 2 
99 

65 
111 

99 
111 

".5 
96 
50 

109 
166 

67 
93 

105 
102 
135 
1*9 
117 

93 
73 

126 
'.7 
96 
9«! 

96 
1*6 
133 
190 
15* 
193 

36 
111 

70 
92 

103 
90 

113 

60 
HO 
152 

87 
99 
*7 
33 
77 

11? 
3") 
92 

16". 
133 
138 
112 

67 
-7 

100 
l-S 

59 
135 

91 

111 
IB* 
170 
15* 
150 
156 

72 
«* 
56 
96 

171 
119 
175 

95 
1?7 
117 

99 
97 
97 

106 
109 

*0 
113 
103 

96 
11* 
163 
171 

59 
66 

131 
151 

97 
121 
105 

I?- 

67 

1*7 
u* 

69 
1*5 

62 
93 
75 

1?? 

NUHBEB HE StHPLES 

j 1 2 3 * 5 6 7 8 9 

1 1 1 1 1 I 1 

1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 2 2 

? 2 2 2 2 2 2 2 2 7 

? 2 2 2 2 2 2 2 2 2 

2 ? 3 i 3 3 1 i * - 
(, ti * * 5 5 5 5 5 5 

5 5 6 7 7 7 7 7 8 9 

B 9 9 9 10 10 11 11 11 11 

1 1 11 11 11 11 11 11 11 11 12 

12 12 1? 17 17 1? 1? 1? 1? 17 

12 13 13 13 13 13 1* 1* 1* i- 

15 15 15 15 15 15 15 16 16 16 

17 17 17 17 17 17 17 17 17 ) i 

17 17 17 17 17 17 17 17 17 IB 

1" IB 16 18 IB IB IP 19 19 IP 

IB 18 18 19 IB 18 18 IB 19 19 

19 19 16 18 IB 16 IB 1« 18 18 

IB I) IP 19 16 16 19 19 18 18 

19 n IB IB lb IB IB 19 19 19 

IB 
1 9 

19 18 19 19 16 18 IB 19 19 

i i 16 18 19 19 19 19 19 18 

1 9 19 16 16 18 16 IB 18 19 19 

19 19 19 19 19 19 19 19 19 19 

19 19 19 19 19 19 19 19 20 20 

70 20 70 70 70 70 20 20 20 20 

20 20 70 70 20 20 20 70 70 70 

20 70 2U 20 20 7 0 20 20 20 70 

20 20 70 70 70 20 20 70 70 70 

20 20 20 70 20 20 20 20 20 70 

70 20 20 70 20 20 20 70 20 20 

20 20 70 20 20 20 20 20 20 20 

20 2 0 70 70 20 20 20 20 20 20 

20 20 70 20 20 20 20 20 20 20 

70 70 70 70 20 70 20 2u 20 20 

20 20 

SEBIU   COBRELATION   • .33*     <!T»NO*RD   OEVliTIQN 
.363      1EAN   SENSITH/ITY   • .365 
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penna IUUHTHHS •«• "'      us»     H.».  STORSS » T.F.  HtiLt» 
t066«0   KIPO     69   »2221   106S1»   2188«     3551   1610.196«     UC  "'•""'•"  "«   '" 
H-999   SLI99  IOTISI   MB.   U   "TIIB-BIIO  CHBO».   MB  BBBDBOCLIBtTIC  UlLfBIB*   HI» 

DITE 
TIK  (INC  INDICES 
2 3»» 

1610 71 • 2 75 91 116 101 137 1*6 113 97 

1610 15 f 110 126 69 tt 85 • 0 106 69 78 

1610 17 111 100 109 123 77 no 101 6* 96 

1M0 66 102 108 126 95 10* 81 71 92 62 

1650 79 83 71 103 98 10* 1*6 115 139 11* 

1660 112 121 122 117 112 6* 71 98 81 106 

16T0 109 71 11 135 118 109 115 107 98 88 

1610 90 77 8* 100 1*9 126 129 10* 96 110 

1690 It* 126 99 86 122 no 67 79 67 81 

1TO0 115 90 103 98 M 113 106 109 82 62 

1710 71 87 52 70 101 101 100 68 80 69 

1710 128 118 150 166 1*1 123 131 118 86 131 

1710 100 96 99 100 110 102 66 96 100 89 

17*0 m 106 71 7* 72 89 95 90 107 102 

1750 17 123 112 106 101 109 65 78 70 no 
1760 61 1*7 73 9» 1*1 90 102 157 112 117 

1770 115 «7 «0 46 96 105 no 126 101 99 

1760 136 9* 101 123 121 9* 69 103 86 109 

1790 96 96 1*5 102 1*3 132 111 31 21 26 

1100 37 *9 70 • 5 75 76 «2 63 9* 60 

1110 70 117 72 76 111 15 118 89 10* 95 

1I?0 95 96 100 73 58 90 75 77 96 102 

1110 112 102 98 1*6 12? 116 139 128 129 152 

mo 117 78 82 116 Ill 61 90 111 69 110 

1150 in 109 121 126 9 117 77 18 127 116 

1(60 126 50 133 119 86 82 118 95 77 122 

1170 119 95 11* 77 106 91 111 (J U* IOC 

U10 91 85 • 3 41 t2 106 95 58 110 122 

1190 16 118 102 73 95 11» 17 It 115 111 

1900 9* 138 151 127 15* 120 120 10* 11* 99 

191? 115 12* 111 11* It* 1*2 95 72 158 8* 

19?0 61 UO 72 76 57 75 101 100 119 70 

1910 106 120 71 *7 »7 52 70 96 77 5* 

IMkU 12 110 91 »1 10* 120 12* 1*6 101 105 

1950 109 no 106 9b 116 121 89 109 102 no 
1960 116 10« 155 U7 85 

NUM6M If   SAMPLES 

0 1 2 3 * 5 6 7 1 4 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 I 

1 1 1 1 1 1 1 1 1 

2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 

2 2 2 2 i 2 3 3 3 

3 3 * * * * * * * 
* * * * * * * * 5 

5 5 5 5 5 5 5 5 •j 

5 5 5 5 5 5 5 5 5 

5 6 6 6 6 7 7 7 7 

8 8 8 8 8 8 8 8 8 

8 8 8 8 8 8 6 6 8 

8 8 8 8 8 8 8 8 4 

9 9 9 9 9 9 4 4 4 

9 9 9 9 4 9 10 10 11 

12 12 12 12 12 12 12 12 12 

12 12 12 12 12 12 12 12 12 

12 12 12 12 12 12 12 12 12 

12 12 12 12 12 12 12 12 12 

12 12 12 12 12 12 12 12 1? 

12 12 12 12 12 12 12 12 12 

12 12 12 12 12 12 12 12 12 

1* 1* 1* 1* 1* 1* 1* 1* 1* 

1* 1* 1* 1* 1* 1* 1* 1* 1* 

I* l« I* 1* 1* 1*. 1* I«. 1* 

1* 1* 1* 1* 1* 1* 1* I* 1* 

1* 1* 1* I* I* 1* 1* 1* 1* 

1* 1* 1* 1* 1* 1* 1* 1» 1* 

1* 1* 1* 1* 1* 1* I* 1* 1* 

1* 1* 1* 1* 1* 1* I* I* 1* 

1* I« 1* 1» 1* H 1* 1* 1* 1* 

15 1* 1* I* I* 1* 1* 1* I* 1* 

1* 1* 1* 1* 13 

UMM   C0»»ll«TIDN  •        .181     ST6MU10  OtVUTION   •        .2*7     ItlN   llN$ITIVITr   •        .723 355 



BIU   THOflPSON CO US» H.C.    FEITTS   6   B.L.    HOLÄBS 
1192000   PSnt      73   un^SV   1051711    :890|1      265Y   1700:196«      20C   SB!   .2-.    S0:    .«0   BS:    .«3 
»7,:3fi0   Sl-.m   NÜTB3:   FOB.    Ill   "TiBE-RI»G   CUBOI.    PO«   OBiDBOClIBiTIC   »BtLISIS'   1»76 
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I»6f   «ING   INDICES 
a       3       <.        5 

MUHBfB   Of   S»«CLtS 
3 "t 5 6 7 

1700 IS«. i9 l*T 74 7 2 122 1 93 1 15 83 32 

1710 I«.? 72 110 91 121 93 121 ?9 75 122 

1720 1 b'J 129 I 14 104 6 1 90 106 1L4 112 94 

1730 «3 11J 87 107 174 10 122 120 90 

WiO «1 94 <.b 91 30 n 130 196 91 137 

1700 It 13«. 119 13 62 81 61 83 75 

1760 hi 125 122 HI 92 T) 132 99 187 112 

1770 63 111 69 98 98 19 1 37 118 166 166 

17H0 <.■, 89 91 1 13 112 146 206 88 98 

1790 13i 100 166 191 161 >!•> 73 67 101 

moo 100 M 63 129 la 17 1 12 85 71 5 9 

1610 101 19 «0 70 117 123 102 179 6 3 61 

1820 li 91 119 19 53 10« 125 162 139 

1830 1 0 7 77 99 1 14 n i 141 177 190 207 267 

ie<.0 77 187 »9 172 IT9 9<. 93 99 99 

18i0 102 93 99 10J 78 40 102 127 112 

1860 90 27 «7 3 6 90 9 7 136 129 «9 139 

1870 63 H 120 86 41 30 113 95 169 53 

1880 1 7h 70 1 19 107 110 2 9 63 78 

1890 106 83 101 81 49 90 62 8 6 61 

1900 86 90 6% 100 99 1*7 122 147 78 153 

1910 92 7". Hi 143 171 199 137 1)1 130 «5 

1920 IST 169 131 1*2 1(0 15 16! 158 197 90 

1930 123 lilt 96 94 CO 70 1 06 59 70 96 

l»*0 29 112 124 1-.H 94 107 44 170 193 127 

19i0 113 li<l 192 91 3 3'> 6 2 92 118 1 18 

I960 g« Hi 13r 49 'ji 

1 1 1 1 1 1 1 1 1 

3 3 3 3 3 3 3 :, 3 

6 6 6 6 6 6 6 6 6 

9 9 9 9 9 9 9 9 9 

12 12 12 12 12 12 12 12 12 12 

15 15 15 15 15 15 15 15 15 15 

15 15 15 15 15 15 15 15 15 15 

15 15 19 19 15 15 15 15 1 5 15 

16 15 19 15 16 16 15 15 15 15 

16 16 16 16 16 16 16 16 16 16 

17 17 17 17 17 17 17 17 17 17 

17 17 17 17 17 17 17 17 17 17 

19 19 19 19 19 19 19 19 19 19 

20 20 20 20 2 0 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 2 0 20 2 0 20 20 20 

20 20 20 20 20 2 0 20 20 20 20 

20 20 20 2 0 20 20 20 ?0 20 20 

20 20 20 20 20 2C 20 20 20 20 

20 20 20 20 20 20 2 0 20 20 20 

2 0 20 20 20 20 20 20 2) 20 20 

20 20 20 20 20 2 0 20 20 20 20 

20 20 20 20 20 20 20 20 2 0 20 

20 20 20 20 20 2 0 20 20 20 20 

20 20 20 20 20 2 0 20 20 20 20 

20 20 20 20 ?0 

Stoiil   CQUCELSTnn   . .252      STAND4JD   DEVIATION   • .404  NtAN SENi ITimr 

MINT»   BLMNTAINS    'C UT OSA STOCKTO»,   HABSH»   t   JACOBT 
2795U0   pr.rtB      72   «039N    109S7a   2286H      317r   1635:1971       1BC   SB:   .55   SD:   .90   BS:    .3» 
A7:315   SL:95   NOTES:    PUB.    IN   "TREE-RING   CHBO«.    FOB   OENDBOCLIBATIC   ANALYSIS"    1976 

DATE 

mt   RING   INDICES 
2 3 9 S 

NUMBER   OF   SAURIES 
3        9 5        6 7 

1635 100 86 93 98 79 

1690 93 106 99 70 80 92 80 6 6 60 97 

1650 79 99 5 0 3-j 92 86 108 81 79 76 

1660 99 42 69 )5 87 51 65 99 97 80 

1670 32 88 99 199 159 113 193 111 103 9 5 

1680 163 1 19 JB 185 160 75 36 198 153 96 

1690 101 150 195 121 116 78 109 76 97 7 2 

1700 100 132 209 no 130 150 81 92 97 87 

1710 82 106 127 130 92 107 1 93 99 119 133 

1720 156 127 7? 1 31 11' 129 150 195 131 6 5 

1730 133 168 131 97 IJ7 93 72 9 5 110 91 

1790 72 78 77 65 77 91 117 192 86 | 39 

1750 133 85 55 128 106 61 26 60 100 96 

1760 8 5 115 107 69 112 65 111 128 122 190 

1770 109 192 79 99 73 56 69 85 39 72 

1780 6 9 »8 11 60 66 83 52 69 57 52 

1790 109 130 209 163 113 6 2 87 163 62 119 

1600 55 80 99 no 96 60 67 73 93 36 

1810 117 139 158 59 59 111 171 159 110 136 

1820 105 139 63 68 90 78 66 9 2 125 106 

1630 110 101 125 87 105 106 7 6 131 151 156 

1890 1B1 169 92 195 116 25 87 66 78 99 

1850 101 113 106 159 1(9 127 89 57 89 82 

I860 60 50 101 31 5 8 75 131 192 156 137 

1870 198 97 99 6 0 5 9 76 113 96 98 60 

1880 59 73 92 38 69 119 108 88 128 75 

1690 103 119 117 62 5 5 130 102 115 170 76 

1900 99 103 5 8 107 81 65 107 250 215 196 

1910 171 176 151 130 193 185 195 170 158 102 

1920 120 150 136 127 82 91 92 106 1 55 169 

1930 172 78 82 59 17 95 9b 95 107 97 

1990 112 191 162 1 3 5 198 103 30 129 97 105 

1950 116 61 S3 99 52 99 93 53 69 17 

1960 50 37 60 57 5 0 81 97 S3 89 111 

1970 83 98 

1 1 1 1 1 

1 1 1 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 

2 2 2 ■> 2 2 ? 2 2 

3 3 3 3 3 3 3 3 3 

3 3 3 3 3 3 i 3 3 

3 3 3 3 3 3 3 3 3 

3 3 3 3 3 3 3 3 

9 9 9 9 9 9 9 9 

9 9 9 9 9 9 9 9 

9 9 9 9 t 5 5 5 5 

5 5 5 5 5 6 6 6 6 

6 6 6 6 6 6 6 6 6 6 

6 6 6 6 6 6 6 6 b 6 

6 6 6 6 6 6 6 7 7 7 

7 7 7 8 9 9 9 q q 9 

9 9 9 9 9 9 9 9 9 0 

9 9 9 9 9 9 9 9 9 9 

10 10 10 10 10 10 10 10 10 10 

10 10 10 10 10 10 10 10 10 10 

11 11 1 1 1 1 12 13 19 19 it 19 

19 19 19 19 19 19 19 15 15 15 

15 15 15 15 15 15 15 15 15 15 

15 17 17 18 18 18 18 IB 18 1" 
18 18 18 18 18 ie 18 IB 18 IB 

18 18 18 18 18 IB It 18 18 18 

18 18 16 1" IB 18 1» IB 18 18 

18 18 18 18 18 18 18 18 18 IP 

18 18 18 18 IB 18 18 18 18 18 

IB 18 18 18 1 8 18 18 18 IB 18 

18 18 16 18 18 18 18 IB 18 18 

18 18 18 18 1" 18 IB 18 IB 18 

18 18 18 18 18 18 18 18 18 18 

18 18 18 18 18 18 18 18 18 IS 

18 18 

SERIAL   CQBRELATIDN   . .549      STANDARD   DEVIATION   • .903      HEAN   SENSITIIMTI ,335      N   •      337 
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nT.   TRUHBULL   '»•    C   TIUEEP »7. US« B.«.    STOKBS   f,   T.P.    HIILtl 
■ütb?")   PIED      7S    iftjail   1130811   179811      J'lSI    1620:196«      16C   SB:    .14 1   SD:    . J7   BS:    . J5 
»2:999   SL:99   NOTES:    PUB.    I*   "T a EE-Mir,   CHROI.    POi   DHDOUCLIH4TIC   tPiLISIS«   1476 

TBEE   «INS   INDICES 
2 3 <, i 

NUNBER   OF   SAMPLES 
3 <. b 6 7 

16?0 tit hi 38 16 61 38 67 49 93 52 

1630 ?9 t* «t 55 77 «.5 ?7 17 70 100 
^"■O 122 12? 102 120 ?<. 81 0 9? 104 ?0Ö 

1650 135 203 IOC 10? 5., 93 1 19 l?8 129 137 
1660 Ul HI U« 126 137 110 199 132 121 79 

1670 6/ 7«. 123 128 l*S 101 78 123 106 129 
1680 IT* 113 113 139 55 101 68 146 198 161 

1690 no 9e 120 9<v 122 155 1?3 136 7 5 191 

1700 8? 10? 100 ".8 95 138 117 70 79 100 

1710 It« 1?7 1?7 no 93 SO 88 106 137 129 

1720 132 69 fc* 10". 121 135 16? 121 118 87 

1730 131 123 139 6^ 160 «.0 55 68 131 53 

mo 60 90 M 107 116 l*1 1 50 147 83 136 

1750 B* 81 fi 81 72 68 85 7? 116 95 

1760 122 93 107 105 132 90 1<.2 144 169 137 

1770 122 168 «3 ^3 67 113 61 105 '.7 95 

1760 5/ 01 7<t 93 152 76 10« 137 72 103 

1790 101 1?7 109 1*1 101 99 88 99 81 111 

1800 19 •>5 107 53 10". 36 70 6 6 92 92 

1810 76 10". 81 M 1,1 97 151 no 119 128 

1820 59 1<.2 17 5 7 93 129 130 99 156 69 
1830 103 109 136 141 .07 13? 112 127 179 181 

ICiO 16"! 107 ti 131 13 5 72 i?e 37 136 151 

1850 155 87 1 35 150 125 102 i>5 52 89 60 

1860 ".8 3 7 89 59 32 •1 108 133 197 190 

1870 10«. 70 7«. n 9 5 104 109 91 83 79 
1880 5". 50 b? 91 125 123 100 93 no 120 

1890 12^ 115 108 9', r* 82 21 104 96 2 
1900 <.5 85 19 103 ?9 no 14« 197 126 129 

1910 128 I<|P lot 120 155 1<15 153 158 98 155 

1920 Ht, ••3 158 115 59 101 116 86 129 57 

1930 115 109 192 103 67 121 79 162 15? 8P 
19*0 120 1?1 uo 109 10 8 106 85 93 9? 129 

1950 '2 31 131 68 100 70 97 102 107 56 

1960 92 79 91 50 111 

1 1 
1 
I 
1 
1 
1 
1 
2 
9 

1 

1 
1 
1 
1 
■> 

9 
9 

1 

1 
1 

1 
1 

1 
1 
! 
9 
9 

1 
1 
1 
1 
1 
1 
1 
2 

9 

1 
1 
1 
1 
1 
1 
1 
2 
9 
5 

1 
1 
1 
1 
1 
1 
1 
2 
9 
5 

6 6 6 6 * 6 6 6 
/ 7 7 7 7 7 7 7 

8 8 6 8 B 8 8 8 
9 9 9 9 9 9 9 9 

9 9 9 9 9 9 9 9 
9 9 9 9 9 9 9 9 

10 10 K 11 11 11 

tl 11 11 n 11 11 

12 12 17 13 13 •3 
13 13 13 13 13 U 

19 19 19 19 19 19 
19 19 19 19 19 19 

I' 19 19 19 19 1' 
19 19 19 14 19 19 

16 16 16 16 10 ID 

16 16 16 16 16 16 11 
16 16 16 1c 16 16 16 16 

16 16 16 16 16 16 lo 16 
16 16 15 16 16 16 16 15 

16 16 16 16 16 16 16 I« '6 
16 16 16 16 16 16 16 t« 16 

16 16 15 16 16 16 16 16 16 
16 16 16 16 16 16 16 If- 16 16 
16 16 16 16 16 16 16 16 16 I i 
16 15 15 19 11 

SEPm CORREHTION ■ .912      SUNOARD   DEWimON .366      HE*N   SE^'SITIVITY   ■ .353 
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SPTDER   RUCK «Z        OSt DEt>   tOBirSOl   BOIOII.   BOIIS 

0«)099   PIED      76    1606H   10<*211(    )890ll      3711   1601:1971      3»C   SR!   .30   SO:    .«0   «S:    .»14 
A7.:360   SL:30   NOTES:    COB.    IN   "TREE-RINS   CHBOI.    FOB   DglDBOCLIHATIC   »»«LTSIS«   1976 

54 

!' 

TPff    RING   INDICES 
e       3       <.       5 

NUMBER   OF   SINPLES 
■I        <i 5        6 7 

: 

IbOl 91 62 57 5f. 59 76 75 77 135 

1610 1 09 116 101 72 117 109 11* 139 1 38 106 

16?0 117 159 81 6e 51 89 5 8 123 100 125 

1630 131 s* 79 106 125 99 90 Sj 93 93 

Ib'iO 101 108 105 101 no 115 95 119 75 69 

1650 1?5 13« 109 73 ?i 8 5 135 76 /I 1^ 

1660 1*1 122 10«. 111 7 6 117 87 76 51 5 7 

1670 19 81 1«* 175 166 120 80 125 i*a 55 

iD80 no 1*6 116 156 86 26 87 120 IV; 166 

IbVO 155 152 150 166 105 112 70 91 1 ■»«! 92 

1700 15 113 5 7 90 72 103 107 60 ' 6 70 

1710 1 08 n 79 *9 105 86 39 56 108 107 

1720 176 117 106 1 16 85 120 153 116 35 17 

1730 76 u« 127 117 100 29 H5 72 9f. 5 V 

ITtO 56 102 82 175 108 168 167 155 38 122 

1750 66 73 53 18 67 35 81 97 117 136 

1760 1*9 8". 106 88 152 7/ 159 126 150 103 

1770 89 107 1*2 58 95 97 78 66 58 83 

1780 55 93 76 115 183 90 112 153 10 79 

1790 *9 1« 132 157 115 80 131 121 99 129 

1600 117 62 115 80 127 59 59 155 8 0 116 

1010 92 9* 99 56 106 109 157 137 57 53 

1620 16 122 15 53 9 6 159 175 120 162 5 8 

1830 131 96 ** 162 7 2 151 120 171 171 183 

18^0 UJ 91 66 97 I** 9 3 97 22 96 201 

1850 188 M 15Ü 136 5^ 159 156 55 169 99 

1860 «18 7 117 71 66 150 179 189 212 150 

1870 100 70 3 5 }9 1 11 61 79 96 95 95 

1880 7? 66 77 55 75 95 50 52 103 88 

1890 98 U* 130 90 *0 79 29 96 81 37 

1900 39 68 2 127 3? 155 150 155 101 109 

1910 8? 156 10* 97 1** 168 159 127 131 171 

192: ) 79 135 129 98 155 96 12b 1 15 55 95 

1930 71 79 108 57 51 85 71 155 122 9 9 

mo 89 170 151 95 139 120 53 75 156 156 

1950 37 6 161 53 *3 95 66 118 80 

1960 1 21 86 115 136 73 153 79 11 75 101 

1970 9 9 »8 

1 1 1 1 1 1 1 2 

2 2 2 2 2 2 2 2 3 

3 3 5 5 5 5 5 5 5 

5 5 5 5 5 5 5 6 6 

8 8 8 8 8 9 1 1 11 11 11 

1 1 11 1 1 11 11 11 11 11 11 11 

11 12 12 12 12 12 12 12 12 12 

15 15 15 15 15 15 15 15 16 16 

17 17 17 17 18 18 18 18 19 19 

19 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 21 21 

21 21 21 21 22 22 22 22 22 22 

22 2? 22 22 22 22 23 23 23 25 

25 25 25 25 2* 25 25 28 25 25 

25 25 25 25 25 2 5 25 2 5 2 5 25 

26 26 26 26 2 6 2 6 26 2 6 26 27 

27 2 7 27 27 28 29 29 2 9 30 30 

31 31 31 31 31 31 31 31 31 31 

32 3 2 32 32 3 2 3 2 32 32 32 32 

32 33 33 33 33 33 33 33 33 33 

33 33 33 33 33 33 35 35 35 38 

35 3* 3". 35 35 3'. 35 35 35 35 

3'. 34 35 35 35 35 35 31. 38 35 

35 35 35 35 35 35 35 35 35 35 

35 35 a«. 35 35 35 38 38 35 35 

35 35 35 35 35 35 35 3 5 35 35 

35 35 35 3 5 3* 3". a^. 35 38 3* 

35 35 35 3* 35 35 35 35 3 5 35 

35 3 5 35 35 35 38 38 38 35 35 

35 35 35 35 35 35 35 35 35 38 

35 35 35 35 35 3*. 35 38 35 35 

35 35 35 35 35 35 3* 38 35 38 

3«. 35 3* 35 3* 35 35 38 35 38 

35 3* 35 35 35 35 35 38 35 38 

35 35 35 35 3 5 35 35 35 38 35 

35 35 35 35 35 35 35 35 35 35 

35 35 35 5 35 35 35 35 35 35 

35 26 

StBUl    COROEIATICIN   • .295      ST4N04S0   DEVUTION   ■ .505      NE4N   SENSITH/m .539     H   '      371 

■-■ ■ ■  



nEDICIIIE   VM.l.f'T AZ        US»        J.S.    DEA«   t   D.O.    BOHDEH 
222000   PIPO      77     ib2D«    1113SW   2190B      291*1   1679:1972      20C   SB:    .38   SO:   .43   US:    .11 
A7:    20   Sll33   NOTES:    PUB.    IN   "TBEE-RINU   CHBON.    FOB   DEMUHuCLlBATIt   AITALTSIS"   1976 

55 

DATE 
TREE   RING   INDICES 
2 3 <i 5 

NUHBER   OF   SAHPLES 
3 «i 5        6        7 

1679 35 

1680 138 113 «5 95 51 -,7 77 81 115 125 

1690 90 123 HI 104 1<.9 125 82 10! 141 152 

1700 1 1 1 126 96 69 93 110 82 114 61 68 

1710 106 87 6i, 105 90 1 12 '.7 100 102 167 

1720 192 131 9 5 119 HO 116 179 94 98 40 
1730 71 93 90 57 SI 27 lib 51 113 53 

mo 108 109 58 164 12 5 171 1 84 1.5 3 3 137 

17b0 74 1 U 27 92 122 40 137 129 159 152 

1760 150 it 98 44 loo 8 5 127 122 125 9 9 

1770 10«. 125 H2 3? f5 65 78 79 70 79 

1780 511 99 e«. 147 155 50 56 114 7 b 8 1 

1790 9 5 1 15 13b 211 127 166 167 197 74 151 

1800 7] 6 5 81 52 102 46 80 9'. 96 10b 

1610 119 127 115 16 ( 6 92 132 98 50 5 3 

ie?o 56 112 kt 91 115 138 158 126 167 67 

1830 116 150 113 166 89 145 «4 112 135 17b 

1840 l«l 111 It6 83 132 35 52 3 «3 9 5 

1850 136 89 139 98 101 113 81 103 51 

1860 ai 9 0 120 51 18 85 130 121 1 T, 114 

1870 107 38 93 55 87 75 67 70 66 12 

18B0 H 2'. 82 80 119 121 96 77 124 14« 

1 (-90 161 176 137 59 110 i ,-i i 32 91 10«. 30 

.900 45 56 7 99 b lie 137 216 220 209 

1910 172 217 185 53 1 14 1 58 136 171 169 15b 

1920 160 113 167 117 152 93 133 7". 103 105 

1930 91 7 5 133 1 3J 77 90 -.2 82 64 58 

19*0 37 125 111 42 107 91 96 62 98 1<.2 

1950 5» 7 115 67 38 89 97 7b 82 6V 

1960 93 140 132 40 117 141 140 145 134 1 i3 

1970 180 31 152 

1 1 1 2 2 2 2 2 2 
1 
2 

2 2 2 2 2 2 2 2 2 2 

2 3 3 4 <. 4 4 4 4 4 

4 9 5 5 5 5 5 6 6 6 

6 b 6 6 b fc b 6 b 6 

b 6 6 6 b t 6 6 b 6 

b b 6 ! 7 8 8 8 8 8 

8 8 8 8 8 8 8 8 9 11 
12 13 13 13 13 13 13 13 13 13 

15 lb 16 16 16 16 16 16 16 16 
16 16 16 lb 16 16 16 16 lb 16 
16 16 16 16 16 lb 16 lb 16 16 

20 20 20 20 20 20 20 20 20 20 
20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 2 0 20 20 20 

20 20 20 20 20 20 20 20 2 0 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 2 0 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 2 0 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 2 0 20 20 2C 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 2 0 2 0 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 ?0 20 20 20 20 

20 20 12 

SbRUL   CORRELATIOH   • .382      STANDARD   Df«IATION   ■ .428      MEAN   SENSITIVITY   ■ .445      N   ■      294 

S.   P.   nmiNTAIN   I. AZ USA        J.S.   DEAN   B   D.O.    BOHDEN 
263099   PIED      78    I^ISN    11139*   20921      2t)ay   1689:1972      20C   SR:   .92   SD:    .96   US:    .96 
A7:270   Sl.:10   NOTES:    PUB.    IN   "TREE-RING   CHRON.    FOB   DENDBOCLIBATIC   ANALYSIS"   1976 

TREE RING 19DICE"; NUMBER OF SAMPLFS 
DATE 0 1 2 3 4 5 b 7 8 9 0 1 2 3 4 5 6 7 H 9 

1689 141 1 
1690 81 117 93 117 bb ?7 8 5 7 7 144 153 1 1 1 2 2 2 2 2 2 2 
1700 65 181 103 44 h3 115 100 39 b2 42 2 2 2 2 2 2 2 2 3 3 
1710 106 77 107 95 99 73 75 177 223 171 3 3 3 3 3 3 3 4 5 7 
1720 246 1 TO 123 106 ?4 117 170 125 4? 9 7 7 7 7 7 7 7 8 9 9 
1730 76 82 77 49 73 43 122 51 91 38 9 9 9 9 9 9 9 11 11 11 
1740 ' 0 78 20 149 145 113 177 152 18 148 11 11 11 11 11 11 11 11 11 12 
1750 -0 66 63 30 119 65 1.18 135 159 150 12 12 12 12 12 12 12 12 13 14 
1760 156 9 6 108 98 152 1 0« 168 116 If i 120 15 15 15 15 15 15 15 15 15 15 
1770 115 110 98 66 124 124 138 117 31 7 3 15 15 16 16 lb 16 lb lb 16 lb 
1780 43 90 11'. 166 154 5 6 7 0 151 81 7 5 lb lb 16 16 16 lb 16 lb 16 lb 
1790 44 142 115 157 112 108 84 81 22 84 16 lb 16 16 16 lb 16 16 17 17 
1800 32 57 59 42 78 59 41 67 64 74 17 17 17 17 17 18 18 lb 18 18 

1810 63 89 91 2 21 47 104 113 57 57 18 18 IS 18 18 18 18 18 18 18 
1820 3b 94 64 h9 131 137 146 lib 169 83 19 19 19 19 19 19 19 19 19 19 
18 30 99 150 51 130 94 115 72 101 133 165 19 19 19 19 19 19 19 19 19 20 
1840 160 137 56 72 153 102 113 48 162 186 20 20 20 20 20 20 20 20 20 20 
1650 186 124 142 140 86 147 63 5 101 4Ü 20 20 20 20 20 20 20 2C 20 20 
1860 61 75 141 57 43 103 151 146 15b 154 20 0 20 20 2 0 20 20 20 20 20 
1870 164 58 67 5 3 92 62 69 38 b7 20 2 0 20 20 20 20 20 20 20 20 20 
1680 30 29 106 99 164 114 124 78 144 154 20 20 20 20 20 20 20 20 20 20 
1890 205 186 178 104 164 171 104 87 99 35 20 20 20 20 20 20 2 0 20 20 20 
1900 58 63 21 b8 11 121 133 107 134 123 20 20 20 20 20 20 20 20 20 20 
1910 109 146 121 64 112 141 122 157 148 168 20 20 20 20 20 20 20 20 20 20 
1920 174 123 112 152 197 80 106 135 170 115 20 20 20 20 20 20 2 0 20 20 20 
1930 142 127 141 8 0 137 9 0 42 129 119 31 20 20 20 20 20 20 2 0 20 20 20 
1940 37 127 92 16 123 107 98 20 100 120 20 20 20 20 '0 20 20 20 20 20 
19 50 51 19 117 62 50 5b 60 63 73 100 20 20 20 20 20 20 20 20 20 20 
1960 76 108 99 28 62 85 1 18 97 106 127 20 20 20 20 20 2C 20 20 20 20 
1970 128 15 125 20 20 18 

SERIAL   CORRELATION   ■ .417      STANDARD   UEV1ATIÖN   ■ .456      MEAN   SENSITIVITY 

■ 
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522000 "iPO      7^    UOUN   11035W   1798«      330Y   1642:1971      28C   SB:    .50   »»«   •"  «»'ll! 
IrtUO   lit   5   NOTBS:   PUB.    IH   -TBEE-BIMli   CHBO».    FOB   DEIDROCLIBATIC   AIULTSIS-   1976 

THEE   «ING   INDICES 

2 3 <. 5 

1650 

171 111 1*3 167 151 169 5 9 9 7 

1 12 160 127 93 28 50 70 36 *.*. 45 

1660 

1670 

1660 

62 
0 

61 
58 

77 

80 
72 
72 

5 6 61 

49 
72 
47 

27 

88 

30 

84 
15 

150 

203 177 156 1<.2 57 13 6 5 121 116 1?5 

1690 1 19 105 162 1 '.I 16 8 152 5 9 79 86 160 

1700 117 139 158 122 129 170 156 59 72 98 

1710 171 106 80 ?<. 146 69 3' 96 U'- 1 08 

1720 129 80 60 119 33 109 15? 12? 7 5 31 

1730 81 5 1 lie 51 122 11 34 95 1 l1. 64 

\T*0 1 37 U6 99 127 123 164 241 241 6 8 267 

17i0 196 9 6 1 1 32 «3 25 30 15 39 5 6 

1760 69 31 87 «9 138 80 l^ 110 1 53 1 09 

1770 

17P0 

120 
".3 

165 

5B 
16' 

18 

5 2 

86 

111 
Ul 

110 

52 
140 
91 

88 

115 

45 
44 

81 

97 

1790 67 121 156 201 116 154 117 66 81 102 

1800 

1810 

66 

109 

»0 
120 

69 

115 

19 
87 

7 1 

122 
63 

118 

82 
167 

100 
103 

126 

57 

129 
34 

1820 

1830 

3 82 23 5 S8 135 146 110 ^73 8? 

121 109 138 148 H? 122 135 9 5 168 179 

18*0 
1850 

1.'9 
11 7 

55 
99 

81 
i r« 186 

153 
1UH 

42 
IS4 

7 5 

133 69 
79 

115 
126 
68 

1860 11 * 5B 12". 71 16 120 129 139 207 182 

1870 I 10 ?8 80 s* 90 127 9? 85 110 101 

1890 8". 83 100 112 151 168 130 60 104 9 4 

1690 
1900 

116 
2 9 

95 
82 

85 
18 61 

23 
Q 

71 
9 6 

79 
I 08 

94 
119 

106 
158 

80 
177 

1910 
1920 

1 15 
152 

186 
92 

18« 
U7 

123 
ne 

200 
127 

178 
99 

150 
n 3 

165 
114 

108 
110 

167 

129 

1930 1?1 128 136 87 40 113 66 11? 87 77 

ig^tO 62 13? 97 no I 1 I 100 42 89 53 103 

1950 50 36 116 )4 82 23 42 94 90 37 

1960 1 1« '.7 9li 62 29 bl 11? -18 101 1 38 

1970 30 57 

NUHBER   Of   UHPLES 
3 4 6        6 7 

1 2 2 2 2 ?- 2 2 

2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 ? ? 2 2 
? 2 2 2 2 2 2 2 2 

3 3 3 3 3 3 3 3 3 

3 3 1 3 3 3 4 4 4 

4 4 5 5 6 5 5 5 5 

5 5 5 5 6 6 6 6 6 6 

6 6 6 5 b 6 6 6 6 6 

6 6 6 6 6 6 6 6 6 6 

7 7 7 1 7 7 7 7 7 7 

7 7 7 7 7 7 7 7 7 8 

1 0 10 10 10 10 11 12 12 12 12 

13 11 U 13 13 13 11 14 14 14 

14 14 14 14 14 14 14 14 14 14 

14 14 14 14 14 14 14 14 14 14 

14 14 14 14 14 14 14 14 14 14 

14 14 14 14 14 14 14 14 14 14 

14 14 14 14 1 4 14 14 14 14 14 

14 14 14 14 14 14 14 15 15 15 

15 15 15 15 15 15 15 15 15 15 

15 16 16 16 16 16 17 19 19 20 

22 22 22 2 3 23 23 23 ?5 76 27 

26 28 28 28 28 28 28 28 28 28 

28 28 7 8 28 28 28 28 28 26 28 

28 28 28 29 28 28 28 78 76 78 

28 29 28 28 28 28 29 28 78 28 

28 28 28 28 28 28 28 26 2 8 28 

28 28 26 28 28 28 28 78 28 78 

26 28 2b 28 28 28 28 78 78 7 8 

2 8 28 28 28 28 28 28 28 78 21 

28 28 28 28 28 28 ?B 28 78 76 

28 2 8 28 28 28 28 28 28 28 28 

26 28 

SFPUL   C0BSEL4TI0N .496      5T4N04RD   OFVUTION   • .472      iE«N   SENSITIVITr .475     N   ■      330 

PUERI.ITO   CANVON "N        USA 
071000   PS1E      89    i6H2N    10720U   2C73H      129Y   1643:1971      - .....STS"    197b 
AZ-360   SL-10   lUTES:    PUB.    IN   "THEE-HINÜ   CHRON.    FOR   DENDROtLIHATK.   ANALYSIS      1976 

DEAN,    ROBINSON   6   BOWDEN 
21C   SP:   .31   SD:   .51   «S:   .51 

IREE   RING   INDICES 
7 3 4 5 

1643 5 4 86 20 155 120 54 IOC 

1650 119 302 125 196 103 1 8 6 174 31 78 43 

1660 92 89 52 73 22 104 62 47 43 31 

1670 4 9 91 105 8 8 122 86 47 5 9 116 144 

1 660 185 165 1 19 127 32 0 161 »5 58 1 12 

1690 152 101 171 166 72 117 40 70 113 104 

1700 103 239 115 7? 72 71 9 5 49 91 8? 

1710 119 131 144 1 14 60 104 48 62 8 6 67 

1770 220 180 79 165 94 144 169 132 109 15 

1730 8 6 7 5 119 82 99 19 77 52 51 35 

1740 77 6 6 63 117 45 141 174 731 73 181 

1750 84 55 38 65 126 91 36 48 52 111 

1760 103 103 136 107 157 91 167 73 13? 1 11 

1770 151 197 158 34 123 76 65 6 1 61 65 

1780 46 6 5 18 77 147 11? 95 17? 68 61 

1790 5 6 96 113 119 115 108 171 74 94 121 

1800 107 74 123 74 97 37 70 108 65 5 5 

18 10 43 55 74 61 87 96 756 773 77 45 

1820 97 167 71 22 45 80 71 40 126 83 

1630 98 178 HI 1 54 119 110 78 123 146 1 84 

1640 ? 5 7 147 115 6 9 117 71 81 '9 107 113 

1850 1 33 40 165 149 142 171 771 J8 138 100 

1960 179 41 117 75 29 91 177 192 191 245 

1870 64 88 73 52 177 99 43 141 101 73 

1680 79 54 ".8 3 5 92 86 107 52 157 1 11 

TB90 67 138 89 45 43 115 7 6 149 95 15 

1900 49 61 10 96 5 114 90 134 94 103 

1910 86 118 12? 73 151 184 222 166 41 142 

1920 2 06 138 85 62 111 70 145 110 111 89 

1930 119 76 190 139 6/ 120 130 145 106 76 

1940 120 228 711 8 1 93 111 56 67 85 106 

1950 22 11 106 6 8 5 9 46 24 46 99 4 6 

1960 70 74 9 1 69 4 7 188 170 10 111 105 

1970 81 64 

NUMBER   OF   S»MP1ES 
2 3 4 5        6 7        8 

1 1 1 1 1 1 1 

1 7 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 

2 2 2 ? 7 2 2 2 2 

3 3 3 3 3 3 3 3 1 

3 3 3 3 3 3 3 3 1 

3 4 4 4 5 5 5 5 5 
7 7 7 7 7 7 7 7 8 

8 8 a 8 8 9 9 V 9 9 

9 9 9 9 9 9 9 q 9 9 

9 9 9 9 10 10 10 10 10 10 

10 10 10 10 10 10 10 10 10 10 

12 12 14 14 14 14 14 14 14 15 

15 15 15 15 15 15 15 15 15 15 

1 5 15 15 15 15 16 17 17 18 18 

18 18 18 18 19 70 20 70 70 20 

20 20 70 20 20 70 20 20 70 70 

20 70 70 20 70 70 70 20 70 20 

21 21 21 71 21 71 21 71 21 71 

71 71 71 7 1 22 22 22 '7 22 7 7 

23 73 74 74 74 7 4 7 4 74 ?4 74 

24 74 24 7 4 2 4 24 24 74 74 74 

24 74 74 74 24 24 74 74 74 74 

24 74 74 24 74 24 24 74 74 24 

74 7 4 24 74 74 74 74 74 74 24 

74 24 24 24 7 4 74 7 4 74 74 74 

24 7 4 74 24 74 24 74 74 ?4 24 

24 74 2 4 2 4 74 74 74 24 7 4 74 

24 74 74 74 2 4 74 74 74 7 4 24 

24 29 74 24 7 4 ?4 74 7 4 74 24 

24 23 23 73 ?3 23 23 23 73 7 3 

23 23 23 21 7 3 73 23 73 73 23 

2 3 23 23 23 73 23 23 ?3 23 23 

23 73 

SERIAL   CORRELATION   " .311      STANDARD   OEVIATIQN   ■ ,508     NEAN   SENSlTIVirr 
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SIPRR»   DBI.   C»R1RN COA      NET        C».    STOCKTO«   6   B.A.    STOKES 
271S1(C   PSMF     MM   ?tibbH   10237»   ZOUtH      iVll   1675:1971      16C   SB:   .50   SD:    .38   MS:    . IH 
»7:>)9'»   SL:99   NilTES:    PUB.    IN   "TUEE-HINi;   CHBÜ«.    FOB   DEBDBOCLIHATIC   iKALYSiS"    1976 

TBEE   RING   IHOICE^ 
2 1 <• 5 

NUttBEB   Of   S/snPlE"! 
3 "i S        6 7 

167!> 129 101 86 61 70 

IhBO 101 108 85 70 68 68 125 191 99 65 

1690 72 99 13<. 112 11« 122 66 127 93 130 

1700 97 83 73 7 9 60 68 93 80 9? 108 

1710 1 07 1 18 135 HI 97 93 70 90 109 136 

17?0 118 168 111 l*S 91 79 129 106 107 109 

1730 9". 102 126 6", US 161 101 129 96 69 

WiO 88 75 53 83 99 98 113 136 9 5 99 

1750 7<. 8 7 ?<. 65 *t<t 70 87 77 89 105 

1760 95 97 68 21 36 68 81. 70 87 ue 
1770 13? 11« 6* 105 39 88 95 117 66 158 

1780 18". 167 119 19 3 165 80 58 39 80 39 

1790 50 75 9 6 118 109 103 61 91 35 96 

1800 61 11 79 73 61 32 73 83 95 106 

1810 106 83 33 71 9 9 131 1 95 107 130 81 

1820 116 UJ 121 90 1 10 159 163 209 156 193 

1830 136 97 12<. 11.9 135 192 101 123 87 100 

1R<IO 5 9 87 92 103 128 135 132 81 153 116 

If 5 0 \b? 183 U6 159 151 159 151 102 189 109 

1860 95 100 37 99 82 82 9? 102 73 176 

1870 125 76 10", s* 1.7 79 76 65 79 91 

1880 7«, 95 102 96 6 5 8 5 9 5 66 79 9 5 

1890 HM 81 31 1.0 33 77 92 119 107 103 

1900 U3 105 87 11.6 6 5 11? 111 5 3 9fc 56 

1910 6 Si 87 93 161 138 170 50 53 91 179 

1920 UJ 116 s* HO KO 85 1 3 6 120 126 69 

1930 13* 198 5 8 )9 1C9 115 131 120 1?7 127 

191,0 228 2*5 151 101 138 71 120 9 5 93 138 

1950 78 6 9 39 6 ( 6 97 57 35 102 170 

19».0 5". 99 66 1,0 93 93 no 55 198 5 9 

1970 75 M 

1 1 1 

1 1 I 1 1 1 1 
1 i 1 1 1 1 1 

2 2 2 2 2 2 2 

2 2 2 3 3 3 3 

9 9 5 5 5 5 5 

5 5 5 5 5 5 5 

9 5 5 5 6 b 6 6 

6 6 6 6 6 6 6 6 6 

6 6 6 6 6 6 6 6 6 6 

6 6 6 6 6 7 7 7 8 8 

8 8 8 8 8 8 8 8 8 8 

8 9 8 9 8 8 R 8 8 8 

8 8 8 8 9 8 8 8 8 8 

8 8 8 8 8 8 8 8 8 8 

8 8 8 8 9 9 9 9 9 9 

10 10 10 10 10 10 10 11 11 11 

11 11 11 11 11 11 11 U 11 1? 
12 12 12 12 12 12 12 12 12 12 

12 13 11 13 13 13 13 13 13 13 

13 13 13 13 1 3 13 13 13 13 13 

19 19 19 19 19 19 19 19 19 19 

19 19 19 19 19 19 19 19 19 15 

15 16 16 16 16 16 16 16 16 16 

16 16 16 ]6 16 1 6 16 16 ' 16 16 

16 16 16 16 16 16 If' 16 16 16 

16 16 16 16 16 16 16 16 16 16 

16 16 16 16 16 16 16 16 16 16 

16 16 If 16 16 16 16 16 16 16 

16 16 16 16 16 16 16 16 16 16 

16 10 

SfBIU   COMSUTJON   • ,997      STAMOJRO   DEVIATION   ■ .385      «EAN   SENSITIVIT»   " .391      N   •      297 

niEPPA   lADRE/TriKS   BIOS 
167699   PIPO      't'l    n2'1N    108351 
«7:990   Sl.:9'l   Norfi';:   PO B.   IN 

CHI      IE« STOKES,    HABLAN   6   HOLNES 
21971       U'JY   1616:1965      21C   3 [i:    .27   SD:    .30   US:    .29 

"TBEE-KIN-;   CHBON.    FUR   DENUROCLinSTIC   ANALITSIS"   1976 

TREE   RING   INDKFS 
2 3 9 5 6 

NUNRER   OF   SAIl-llS 
2 3 9 5        6 7 

1636 1 0 5 57 106 133 

1690 159 89 125 103 73 109 7 0 89 93 53 1 

1650 89 101 59 35 62 10- 56 51 70 157 1 

1660 199 92 90 60 5 i 103 60 56 71 86 1 
1670 7 0 190 1 13 116 17* 139 193 162 120 115 i 

1680 159 89 17- 159 1 16 97 153 81 101 123 1 

1690 201, 121 18( 1 17 15 1 109 56 122 9 1*0 1 
1700 1 15 129 179 164 182 109 1 12 83 92 89 1 
1710 191 103 19C 112 132 109 99 88 125 12 1 

1720 109 106 1*9 bi 90 71 1 0 2 76 100 H6 1 

1730 199 136 12 H 90 13* 118 137 123 97 105 1 

1790 1 06 166 39 8 5 77 90 115 109 89 115 1 

1750 117 113 7? 82 r.6 89 98 33 98 100 B 

1760 78 6 5 92 69 107 113 105 88 «9 128 10 10 11 11 13 13 1 1 

1770 101 90 73 91, f) 78 109 132 5 7 106 1 ) 13 13 

1780 111 118 63 117 190 87 103 1 JB 1 1 7 99 1 3 1 3 19 

1 790 129 151 9 6 126 IH 108 129 103 62 117 15 15 15 15 15 
1600 106 80 101 57 109 55 79 75 61 86 If 16 16 16 16 

1810 97 109 87 107 122 137 1 19 99 no 5 5 16 16 17 18 18 18 18 19 

1820 52 90 110 112 100 83 98 198 120 136 2 0 20 20 20 20 20 2 0 ?0 20 20 

1830 97 85 93 1 13 1 08 99 83 112 81 128 20 20 20 20 2 0 20 20 7 0 20 70 

1890 79 99 äf 100 119 109 9 6 60 82 93 2 0 2 0 20 20 7 0 20 20 20 70 20 
1850 97 68 131 123 111 69 105 99 109 91, 20 20 7 0 20 20 20 21 

1860 108 107 80 73 6 2 86 90 89 82 109 21 21 21 21 
1870 108 9 6 6 6 76 77 89 112 68 111 79 21 21 21 21 

1880 57 72 93 8 0 107 117 97 37 136 93 21 ?1 21 21 

1890 77 7 9 102 87 10* 122 i 11 196 17? 131 21 21 21 2 1 

1900 121 196 98 1 16 ?n 145 115 1^3 121 1'. 7 21 71 21 71 

1910 96 7 0 8 5 109 132 1 19 102 129 123 150 21 21 21 2 1 

1920 137 9 5 i a 193 139 79 139 195 138 112 21 21 2 1 71 

1930 122 139 1 30 195 52 «8 81 91 93 57 21 21 'I 71 

1990 111 157 1 37 129 132 96 117 9 8 05 125 21 21 21 21 
1950 109 7 7 93 71 5 1 8 5 21 99 118 9? 2 1 21 21 21 
1960 ,'6 66 9? 73 08 83 21 71 21 

St S Ul     CORBFLATIriN    . .267      STANDARD   OfWIATION   • .299      MEAN   SENSITIVITY    " 
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l)»K   CREEK    (»PATHS   RES.) »Z US» J.S.    DE»»   S   R.L. 
033000   PIED     13   3U0JN   tlOHO»   1707«     UTt   1695:1971     22C  SB:   .lit  SD: 
»?:.11S   SL:30   NOTES:    PUB.    IK   "TREE-RING   CHÜON.    TOR   DEUDBOCIIIUTIC   »«»LTSIS"   1976 

HARKEN 
3H   US:   .32 

DAIF 
TREE   RING   INDICES 
2 i <, •> 

NUMBER   OF   SAKPLE5 
J 3 «i 5        6 7 

169i 89 61 6 5 85 159 

1700 121 109 11B 105 l.'O 115 113 35 n 102 

1710 11* it B* JO 101 9 2 110 116 115 105 

1720 1'i. 117 89 113 9 3 153 135 »1 85 50 

1730 80 91 5? 10 9 57 99 98 122 76 

ITiO 96 108 11* 107 1 11 108 155 12 9 5 0 1 15 

1750 10« 100 n 71 92 65 70 105 107 126 

1 760 1 16 93 129 75 I** 107 135 121 126 116 

1770 132 153 111 80 112 88 87 87 85 89 

1760 87 1)8 61 HI 1*3 96 110 126 130 13? 

1790 1 16 111 109 no 80 102 72 57 55 61 

laoo 57 39 105 61 88 102 85 105 HI 102 

1B10 ll* 106 102 51 89 102 US 115 85 81 

1620 36 85 t3 «H 72 127 130 102 120 85 

1830 1 06 105 129 125 132 111 119 105 119 12H 

18<iU I« 55 61 73 107 53 He 13 96 133 

1850 l'i2 1?C no 108 102 1 11 83 5 5 98 5 8 

1860 99 58 101. 93 *5 115 15? 152 115 9'. 

1870 »0 25 80 9 2 133 16? 132 112 117 101 

1880 77 5«. 9 7 99 1*7 167 132 75 117 119 

1 B90 165 15? B9 51 *a 102 113 157 ue 107 

1900 b7 117 *2 115 6 187 ?12 20 9 23B 197 

1910 103 173 12* 69 105 132 136 125 60 135 

1920 . •.? 59 no to 60 55 75 75 61 98 

1930 as 102 111 9 2 2 3 91 t>3 116 6 6 60 

1 9^0 62 122 *f, 82 8* 7 2 17 55 50 80 

1950 6« 8 2 li2 105 106 50 30 JO 99 65 

1960 1*5 SH 1 1 B 103 90 150 155 1 15 155 160 

1970 12* 109 

1 1 3 3 

3 3 3 3 3 3 3 3 3 

5 5 5 5 5 5 5 5 5 

5 5 5 5 5 5 5 5 5 

5 5 5 5 5 5 5 5 5 

5 5 5 5 5 f. 5 5 

<. 5 5 5 5 5 1 5 5 

*| 5 5 5 5 5 5 5 5 

5 5 5 5 5 5 5 5 5 

5 5 5 5 5 5 5 5 5 

5 5 5 5 5 5 5 5 5 

6 6 6 6 6 6 6 7 7 

10 10 10 10 10 1 1 11 11 11 11 

17 17 17 17 17 1/ 17 17 17 17 

20 20 20 ?0 20 20 20 20 2 0 20 

21 21 2 1 ?1 21 21 21 21 21 21 

21 21 21 ?1 21 21 21 21 ?1 21 

22 22 22 22 22 2? 2? 22 22 2 2 

22 22 22 22 22 22 22 22 22 22 

22 2? ?? 2? 22 22 22 22 2? 22 

?2 22 22 22 22 22 22 22 22 22 

22 22 22 2? 22 22 22 22 22 ?2 

22 22 22 ?? 22 22 22 22 2? 22 

2? 22 22 22 2? 22 22 22 22 22 

22 22 ?2 22 2? 22 22 22 22 2? 

22 22 22 22 22 22 22 22 22 22 

22 22 22 22 22 22 22 ?? 22 22 

22 22 22 22 22 2? 22 2 2 22 2? 

22 22 

SFRIAL   CORRELifUlN   • .539      STANDARD   DEVIATION   - .352      MEAN   SENSITIVITY   • 

SALT   HTVFP   DRAW J.S.   DEAN   6   R.L.   W»RBEH 
612000   PIPO      914   3I101N   11039«    18171      295V    1677:1971      20C   SB:   .61   SD:    .58   US:. 
A7:315   31:    7   NOTES:    PUB.    TN   "TREE-RIUS   CHRÜN.    FOB   DENDR0CLI.1ATIC   «»»LTSIS"    19 

TREE   RING   INDICES 
2 3 5 5 

NUMBER   OF   SAMPLES 
2 3 5 5        6 7 8 

1677 58 7? 105 

16B0 9 9 85 105 85 21 5 17 61 8 6 89 

1690 9 6 102 l*< 117 158 156 7fc 55 71 128 

1700 131 175 199 178 163 2".. 175 7 5 68 33 

1710 56 75 105 116 211 98 36 72 118 151 

1 720 176 158 87 159 78 156 157 63 55 0 

1730 79 57 99 26 to 0 16 59 91 71 

1750 122 155 85 151 11 7 198 288 232 79 37B 

1750 282 121 13 15 19 6 16 11 36 96 

1760 117 29 161 66 171 9 5 18* 171 212 126 

1770 105 222 191 2 5 65 9 8 129 6 2 3 3 85 

17B0 5 9 2 11 52 2? 5 5 109 39 100 
1790 5 9 116 193 2 69 161 215 1 19 39 52 71 

1800 6 0 39 0 51 38 6 9 66 91 69 

1810 77 95 6 2 6 9 95 16'* 181 111 92 69 

1820 2? BO 16 I« 55 79 1 01 38 135 75 

1830 101 ioa 95 109 125 101 1 15 85 111 157 

18 50 1 33 55 56 59 130 31 51 6 5 2 85 

1850 101 121 150 116 109 133 115 83 155 85 

1860 109 59 105 80 19 111 165 170 2-. ?1. 

1870 132 3 5 66 31 67 105 99 95 ^52 100 

1BB0 6 5 56 6 5 9 1 138 176 117 57 99 9b 

1890 116 96 92 5 1 2 8 65 7 0 9 7 106 75 

1900 3 0 67 20 58 3 81 92 125 193 181 

1910 130 151 137 101 152 175 152 192 152 196 
1920 180 130 136 136 127 109 107 135 155 181 

1930 155 167 150 115 66 1 16 86 111 81 79 

1950 67 115 122 98 125 93 53 57 52 73 

1950 5 5 15 91 91 Bl 3 7 29 63 69 5'. 

1960 77 61 80 U *9 78 101 115 111 129 

1970 95 77 

SFRIAL   CQRRELATinN STANDARD   DEVIATION 

1 1 

2 2 2 2 ? 2 2 2 2 

2 2 2 2 ? 2 2 2 2 

2 2 2 2 2 2 2 2 2 

2 2 2 2 ? 2 2 2 2 

2 2 2 2 ? 2 2 2 ? 

;» 2 2 2 ? 2 ? 2 2 

2 2 2 2 2 2 ? 2 2 

2 2 ? 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 
2 2 y 2 2 ? 2 2 2 

2 2 ? 2 ? 2 2 2 2 

2 2 2 2 2 ? 2 2 2 

5 5 5 5 5 5 5 6 6 

8 8 8 8 8 8 9 9 9 10 

11 11 12 I? 12 12 12 1? 12 1? 

12 1? 12 12 12 12 1? 12 12 12 

1? 12 12 12 12 12 12 12 12 1? 

12 12 12 11 12 12 12 12 1? 1? 

12 12 12 12 12 1? 12 12 1? 17 

1? 12 12 1? 1? 1? 13 15 15 15 

15 15 15 16 16 16 16 16 1 ' 18 

18 18 IB 19 19 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

?0 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 ?0 20 20 2 0 20 

20 20 20 20 2 - 20 2 0 20 20 20 

20 2 0 

SENSlTIVrTY r ,508  N ■ 295 



CROSS   t»l(?OM *Z US»        J.S.    DI!«K   8   K.J.    ROBIBSO» 
2S2000   PTPO      95    «UON    la'ZO»   21'>5ll      3621   1611:1972      22C   SB:   .«6   SD:    .»l   HS:    .39 
»Z:360   3L:    0   NUTE3:    PUB.    'N   "TREE-RINU   CHMOV..    rO»   DEHDROCL MtTIC   »««LIS1S-   1976 

59 

IREE   RING   INDICES 
? 3 "i 5 

NUHBER   OF   SÄdRLES 
3 <. 5 6 7 

1611 9«. n 32 55 65 53 128 155 15« 

16?0 103 78 5b 65 7 b 107 *« 100 8? 93 

163Ci 109 12". 70 1*1 12* lib 117 97 69 95 

IftO 12« 10b 99 no 112 119 110 120 96 119 
lf>0 1)9 161 162 93 4 9 70 101 7'. 68 109 

1660 117 107 131 135 116 I** 105 79 59 "tB 

1670 SO 82 117 86 131 98 *6 90 95 77 

1680 103 110 127 153 *7 30 8 3 98 115 13" 

1690 I 3<. 11* 16* 137 151 1*4 1 08 130 118 128 

1700 ','. I*! 125 89 38 7 3 11« 67 27 79 

1710 106 88 61 ".6 77 50 ".6 62 102 U2 
1720 177 10b HI 1*6 9 0 208 239 1*1 80 11 

1730 70 60 111 102 »* 19 «,5 56 81 52 
n<<o 6b r* 98 13* 9b 132 17* 150 21 ue 
ITbO 84 8b 28 50 95 59 73 111 1 '.9 105 

1760 1 30 100 113 55 I« r 53 1*9 151 158 125 

1770 10« 168 167 9* 120 111 116 «1 36 80 

1700 '.'. 68 52 HI 18b '.'. 121 127 57 99 

1790 9". 16* 156 202 179 139 12b 75 107 12-. 

1600 10b 85 9h 7«. 126 79 *6 101 T, 72 

1610 «.9 bb 77 89 9* 93 109 87 18 7 

182Ü 2 5 7 i ?3 5b 70 9 5 68 126 5". 

1930 97 59 35 9b 6 7 111 107 12* 118 156 

18*0 105 81 6 6 5* 138 B* 100 17 110 132 

ISiO 127 56 IS* 155 152 151 152 66 177 100 

1860 85 30 115 78 8 0 118 13* 130 239 138 

1870 1^ 5 5 6 5 J<. 6 3 61 60 10* 12* 80 

leeo 55 *J 61 66 H7 116 92 70 91 120 

1890 127 105 107 no 51 79 81 39 98 53 

1900 23 91 4 91 29 9 5 101 150 1*8 159 

1910 112 1 17 90 96 170 150 175 162 137 197 

1920 127 1*5 118 1*1 1*1 132 160 16* 69 186 

1930 1*5 1*8 130 98 91 115 119 123 96 116 

WO 135 171 162 1' 1 132 156 78 103 117 1*8 
19t>0 86 ^5 128 78 71 66 59 99 61 22 

1960 93 83 101 62 63 123 100 109 123 137 

1970 102 6* 11* 

1 1 1 1 1 1 1 1 

1 1 1 1 2 2 3 3 3 

3 3 3 3 3 ', 3 3 <. 
5 5 5 5 5 5 5 5 5 
6 6 6 6 6 6 7 7 8 

6 9 8 9 8 R 9 9 8 9 

9 9 9 9 9 9 9 9 9 9 

15 16 16 lb 16 16 16 16 lb 17 

17 19 18 19 19 18 19 19 19 19 

19 19 19 19 19 19 19 19 19 19 

19 19 19 19 19 19 19 19 19 19 

19 19 19 19 19 19 20 20 20 20 

21 21 21 21 21 21 21 21 21 21 
21 21 21 21 21 21 21 2! 21 21 

22 22 22 22 22 2? 22 ~r 27 2? 

2 2 22 22 22 22 22 22 22 22 2 2 

22 22 22 22 22 ?2 22 22 22 77 

22 22 22 22 22 22 22 22 22 22 

2.- 2 2 22 22 22 2? 22 22 22 22 
22 22 22 22 2? 2? 22 22 22 77 

22 22 22 22 22 2? 22 22 22 22 

22 22 22 2? 22 2? 22 2? 22 77 

22 22 22 22 22 22 22 2 22 22 
22 22 22 22 22 22 22 22 22 22 
»2 22 22 22 2 2 22 22 22 22 22 

22 22 22 22 22 22 22 22 2 2 22 

22 22 22 2? 22 22 22 22 22 22 
22 22 22 2? 2? 2? 22 2? 22 7 7 

22 22 22 22 22 22 22 22 22 22 

22 2' 22 2? 22 22 22 22 22 27 

22 22 22 22 22 2< 22 22 22 7? 

22 22 22 22 22 22 22 22 22 22 
22 22 72 22 22 22 22 22 22 77 

22 22 22 22 22 22 22 22 22 7? 

22 22 22 22 22 ?? 22 22 F2 77 

22 22 22 ?? 22 22 22 22 22 22 
22 22 2? 

SERUl   CORRELATION   ■ .<i6'.      STANDARD   DEVIATION   ■ .«10      1EAN   SENSITimr 



DKFIUNCE   PL«T8»U 
211000   PIED      96    15I42N 
»Z:9l)9   SL:    'i   NOTES:   Pll 

Kl        OS»   J.S. DE»i t   I. L. I»a»«« 

10922« 2131(1  353T 1620:1972  20C SB: .10 SD: .1« »S: .17 
»; I» «tSlB-EIM CHaOH. TOI DEiDEOCLIÄiTIC i.»L.SIS- 1976 

om 
1620 
1630 
lb>iO 
16!)0 
1660 
1670 
1680 
1610 
1700 
1710 
1720 
1730 
ITiO 
1750 
1760 
1770 
1780 
1790 
IPOO 
1810 
19Z0 
1830 
IS<<0 
1850 
I860 
1870 
1680 
1890 
1900 
1910 
1920 
1930 
II'.O 
1950 
1960 
1970 

6". 
1?1 
101 
109 
155 
30 

156 
113 
75 

12«. 
173 
103 
91 
90 

130 
90 
75 
7 0 

10« 
51 

3 
116 
18? 
163 
Z7 
92 
20 
90 
10 

173 
193 
in 
107 
65 
97 

111 

95 
96 
98 

105 
117 
86 

135 
130 
116 
111 
113 
98 

IT. 
87 
63 
99 
fl 

1*1 
53 
9«. 
96 
91 
94 
61 

1.5 
10 

121 
72 
191 
139 

11«. 
199 

17 
76 
69 

THEE 
2 

101 
5 5 
90 

126 
89 

108 
105 
170 
100 
78 

135 
129 
70 
5". 
96 

119 
76 

141 
9? 
96 
2 

".<. 
67 

159 
109 
33 
59 

102 
1 

153 
109 
159 
195 
1?9 
119 
10* 

RING INDICES 
3    «.    » 

NUUBE» OF SJHPIES 
3   «.   5   6   7 

".2 
1?9 
9 0 
90 
120 
121 
108 
127 
78 
U 

120 
1 19 
132 
5 5 
20 
57 

105 
15« 
51 
76 
26 

150 
92 

119 
59 
1.9 
32 
92 
96 
137 
78 

109 
118 
n 
73 

13 
106 
91 

116 
115 
106 
56 

142 
91 
73 
92 
102 
89 

107 
103 
10» 
w. 
140 
121 
89 
77 
99 

148 
6* 

49 

78 

85 

57 

21 
205 

127 

73 

134 

89 

51 

163 

86 

10«. 
139 

109 

91 

'li 
132 
121 
70 

159 
19 

161 
57 
36 

103 
60 

125 
59 

121 
99 

l««. 

76 

105 

13* 

61 

99 

101 

12* 

191 

127 

115 

163 

72 

165 

0 

63 

69 

172 

83 

59 

82 

95 
1** 
85 

196 
J9 

155 
9* 

125 
100 
129 
131 
10 

1*5 
lie 
120 
67 

108 
160 
66 
90 
65 

139 
2 35 
132 
79 
8* 
40 

112 

1*8 
77 
77 

1*6 
96 
117 
97 
98 
5 8 
90 

1** 
69 
195 
116 
103 
37 

187 
86 

120 
121 
97 

168 
1 

*9 
202 
78 
51 
9* 
160 
176 
150 
162 
70 

100 
63 

1*2 
61 
5* 

156 
36 
99 

116 
106 

*2 
12* 

7? 
99 
30 

1*7 
133 

2* 
83 

113 
66 

0 
170 
162 

8* 
128 
19* 

77 
8B 
77 

106 
109 

53 
125 
126 

93 
12* 

16* 
90 
92 

193 
69 
73 

126 
125 
100 
107 

32 
55 

1*1 
11* 

92 
92 
99 

103 
95 
22 
99 

19* 
190 

95 
139 

*1 
9* 
3* 

129 
199 
11* 
138 
150 

10 
150 

1 1 1 1 1 1 1 1 2 2 

2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 

2 £ 2 2 2 ? 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 

(T 3 3 * * * * * * * 
6 6 7 7 7 8 9 10 10 10 

11 11 11 12 12 12 13 13 13 13 

13 13 13 13 13 13 13 13 13 13 

16 16 16 16 17 17 17 17 17 17 

1 7 17 17 17 17 17 17 17 17 17 

17 17 17 17 17 17 17 17 17 17 

17 17 17 17 17 17 17 17 ie 19 

18 19 18 18 19 18 18 IB 18 18 

19 19 19 19 19 19 19 19 19 19 

19 19 19 19 19 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 '0 

20 20 20 20 20 20 20 20 20 20 

20 20 20 id 20 20 20 '0 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 ?0 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 2 0 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 2 0 20 20 20 

20 20 20 20 20 20 20 20 2 0 10 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 2 0 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 

SEPIU   CORBEHTION .*00     ST1N04RD   DEVUTION   • 
.*39      HEiN   SENSITIVITY   • .*69 
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SPIDER   POCH,    CANTUN   DE   CHELLT kZ HS»        J.S.    UEAH   6   K.J.   BOBIÜSO» 
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DATE 
TREE   RING   iNDICES 
? 3 <• 5 

NO«.ER   Of   SAMPLES 
3 * 5        6 7 

1596 64 68 

1600 3S *4 62 6 9 7» 76 84 ■.5 68 89 

1610 1J3 136 9". 97 100 130 117 153 206 no 
16?0 172 227 140 66 i'i 69 23 6 5 71 102 

1630 126 87 70 92 120 108 70 51 71 7«. 

ICO 106 121 120 8H 118 123 114 105 6 2 103 

ibiO 103 156 135 131 68 177 137 108 100 129 

1660 12 3 126 75 100 ".5 116 89 70 45 55 

1670 17 46 6 9 1 10 135 99 91 V5 144 73 

1660 118 148 116 137 92 44 96 93 123 133 

1690 12". 126 123 171 116 116 61 72 132 131 

1700 49 120 97 108 76 110 119 72 92 77 

1710 IZ* 111 134 62 125 111 72 65 97 136 

17JO 199 20 6 132 146 b* 171 186 160 62 13 

1730 55 72 88 96 6 b 33 77 be T. 43 

IT<0 ".? 74 59 111 131 l^h 214 239 96 169 

1760 121 96 7 5 20 S ' 39 40 5 6 67 99 

1760 108 90 93 8 5 117 90 147 121 141 116 

1770 96 13b 115 55 90 54 50 49 43 66 

1760 31 66 53 99 128 105 95 126 53 61 

1790 29 112 126 126 106 74 102 144 122 133 

1600 121 57 121 120 139 79 62 115 64 79 

1810 33 67 99 5 2 7 9 103 165 133 40 37 

18Z0 2b 116 2 5 57 71 97 104 106 145 79 

1630 119 115 53 128 «7 154 122 145 161 205 

le^o 16« 102 41 7b 126 95 76 19 105 116 

I860 1*3 6 3 129 144 119 178 136 99 152 119 

1860 71 20 14 91 76 99 130 176 160 200 

1870 156 145 57 H3 9 3 62 91 105 116 136 

1680 102 77 100 108 no 115 99 67 123 123 

1990 139 134 l«7 77 19 70 4i 69 70 28 

1900 63 61 6 75 5-. 96 111 136 105 1'.6 

1910 1 19 169 148 102 151 uo 140 150 92 164 

19Z0 190 13( 164 101 144 106 160 126 116 99 

1930 117 12". 125 75 83 82 74 113 113 94 

^".O 97 126 14« 1 13 137 1 13 76 93 131 134 

1960 61 20 99 5 5 44 55 43 50 70 17 

1960 75 59 74 90 64 116 113 47 106 94 

1970 116 75 

I 1 

1 1 I 1 1 1 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 3 3 

3 3 3 3 3 3 3 3 4 4 

4 4 4 5 5 5 5 5 5 5 

5 5 6 6 6 6 7 7 7 7 

7 7 7 7 6 6 8 6 8 6 

8 8 a a 6 6 6 8 8 8 

6 8 e 9 9 9 9 9 9 9 

9 9 9 10 13 13 13 13 13 13 

14 14 15 15 15 15 15 15 15 15 

15 '5 15 15 15 15 lb lb 15 15 

15 15 16 16 16 16 16 16 17 17 

18 18 18 16 16 16 18 19 19 19 

19 19 1 9 19 20 20 20 20 20 20 

20 20 20 20 21 21 21 21 21 21 

21 22 22 22 22 22 22 22 22 22 

22 23 23 23 23 23 2 3 23 2 3 23 

23 23 23 23 23 23 23 23 23 23 

23 23 23 23 23 23 23 23 23 23 

23 23 23 23 23 23 23 23 23 23 

23 23 23 23 23 23 23 23 23 23 

24 24 24 24 24 24 24 24 2^ 24 
2". 24 24 21. 24 24 24 24 2«. 2'. 

a* 24 24 24 24 2". 24 24 a-. 24 

26 25 25 25 26 26 26 26 26 26 

26 26 26 26 26 26 2 6 26 26 2ft 

26 26 26 26 26 26 ^6 26 26 26 

26 26 26 26 26 26 2«.' 26 26 26 

26 26 26 26 26 26 26 26 2 6 26 

26 26 26 26 26 26 26 26 26 26 

26 26 26 26 26 26 26 26 26 26 

26 26 26 26 26 26 26 2 6 26 26 

26 26 26 26 26 26 26 26 2 6 26 

26 26 26 26 26 2 6 26 26 26 26 

26 26 -6 26 26 2 6 26 26 26 26 

26 26 -6 26 26 26 26 26 26 26 

22 22 
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CANTON 
091000 

DE   CHELLT 

PS 
s 

J.S.   DE»»   8   n.J.   ROBINSÜH 

^i:;;;i;;r;ir;^;:™>,'.r;.:>:r;::'„;^:i.-."";.Lfs,"
!.iS 

0»TE 

1376 
1380 
1390 
uoo 
UIO 

l'.iO 
mo 
nso 
HbO 
IMO 
HbO 
1*1)0 
1500 
1510 
1520 
1530 
mo 
1550 
1660 
1570 
1660 
1590 
1600 
1610 
1620 
1630 
Ib^O 
1650 
1660 
1670 
16B0 
1690 
1700 
1710 
1720 
1730 
mo 
1750 
1760 
1770 
1780 
1790 
1800 
1810 
1820 
1830 
imo 
1850 
1860 
1870 
ie80 
1890 
1900 
1910 
1920 
1930 
19<i0 
1950 
1960 
1970 

TREE   »IMS   INDICES 
2 3 ". 5 

113 
7 7 
77 
97 

1 31 
123 
126 

". 7 
51 

1 '.6 
6 3 
77 

71 
11". 

76 

1*2 
162 
131 
103 
MO 

".1 
3 2 
bh 

109 
1*1 

93 
112 
118 

82 
5 2 

10* 
108 

59 
100 
1*1 

70 
*0 

10* 
106 

83 
53 

128 
1*7 

69 

50 
105 
110 
132 
103 
128 
106 
li* 

93 
11* 
13* 
118 
10* 

95 
8* 
9"! 

139 
79 
71 

111 
98 

112 
135 
102 
122 
*6 
81 
99 
72 

162 
76 

130 
13 3 
102 

67 
72 
66 
71 
60 
86 

1 I* 
77 

10* 
152 

9 9 

71 
1 l1. 
105 

97 
91 

15* 
75 
6 6 

105 
9 3 

no 
96 

1*1 
96 

105 
u* 
11* 
1J* 

3h 
8* 

13* 
9P 

11* 
80 
96 

10* 
135 
11* 

55 
70 
79 

°J 
15 

10 1 
136 
101 

95 
95 

122 
63 

.21 
89 

136 
51 
50 
62 

136 
70 

130 
s* 
*2 
78 

8* 
126 

91 
110 
106 

88 
75 

115 
106 

82 
111 
1*0 

8* 
56 
90 

10* 
96 

10* 
157 
119 
117 

*7 
100 

82 
132 
10« 

89 
111 
IIP 

*e 
131 
136 
108 
105 

88 
77 

76 
106 

88 
73 

I 0* 
99 
89 

ÜB 
116 

77 
81 

1*1 
88 

1 10 
76 

123 
107 
l*Z 
118 

6 2 
59 
75 
70 
87 
68 
7 9 
9* 

137 
1*2 

99 
119 
139 

9 5 
72 

16* 
8* 
9* 

61 
67 

50 
119 
177 
122 

Hl 
9* 

110 
98 

13? 
99 

103 
11« 

7 9 
8 5 
8 5 

108 
10) 

76 
83 
8? 

8 9 
116 
10 2 
125 
115 
136 

93 
109 
61 

107 
107 
128 
117 
133 
95 
100 
8 9 

95 

121 

112 

5 

136 

7* 
80 
** 

102 
127 
91 
65 

116 
71 
93 
6* 

l')l 
9? 
6 9 
9 2 
95 

ICO 
8 9 
156 
165 
121 
113 
96 

111 
116 
119 
11* 
92 

116 
8* 
5 8 
HO 
113 
92 

102 
6 8 
76 

50 
123 
105 
91 

103 
82 
67 
53 

121 
76 

II* 
33 

102 
108 
75 

13* 
7* 

191 
ne 
80 
22 
86 
8* 

105 
73 
90 

112 
135 
153 
113 
38 
9* 
90 

100 
189 
52 

103 
67 
81 
71 

188 
1*8 
101 
1*7 
109 
133 
97 

1?6 
110 
87 

121 
96 
9* 

1 29 
82 

103 
79 
87 

12* 

100 
80 

119 
113 
102 
127 
7 5 
98 
120 
1 *0 
78 

!<,() 
73 

8 t 
.16 

157 

143 
61 

182 
103 
80 
60 
99 
96 
99 
39 
63 
U* 
112 
HO 
90 

112 
6t 
9 1 
65 

191 
89 

133 
60 

115 
82 

1*2 
138 
94 

171 
109 
11* 
107 
102 
131 
115 
106 
71 

105 
1 16 
129 
80 
80 
7 7 

88 

101 
78 
98 

115 
126 
127 
60 

12* 
55 
179 
150 
128 
78 

118 
5 9 

109 
161 
61 

101 
109 
75 
38 
9 5 
5b 
9'. 
61 
66 

109 
39 

106 
48 

103 
60 
60 
80 

151 
5 5 

155 
66 
85 
7* 

191 
18* 
93 
130 
115 
136 
73 

106 
135 
1.1 
89 

7tj 

117 
125 
93 

130 
03 
67 
8? 

84 
8 t 

82 

89 
9". 

162 
7 3 
43 
97 

164 
97 
79 

113 
125 
70 
90 
68 
84 

104 
1 24 
90 
73 
72 
98 

146 
5 6 

88 

89 

90 
5 6 

117 

102 
96 
«6 
98 
83 
63 
85 
94 
91 
78 

113 
129 
113 
72 

110 
-.19 
109 
1*7 
137 
136 
10 P 
94 

110 
81 

114 
97 
95 
79 

108 

101 
89 
75 

1 10 
11* 
156 
77 
66 
«2 

148 
1 11 
9 9 

107 
1*6 
103 
1 10 
136 
107 
92 

132 
37 
50 
80 
92 
9b 
81 
92 

132 
95 
90 
71 
9 6 

102 
67 

124 
3P 
62 

132 
106 
103 

88 
112 
133 

73 
81 
9? 

152 
126 
120 
159 
13* 

99 
60 

105 
124 

9B 
Bi 
98 
54 
82 

NUKSEB Of SifPLES 

1 2 3 4 c 6 i 

1 1 l 

1 1 1 1 1 1 1 2 

2 2 2 2 2 2 2 2 

? 2 3 3 3 3 3 4 

4 4 4 4 4 4 4 4 

4 4 4 4 5 5 5 5 

^j 6 6 6 6 1 6 6 

h 6 6 6 f 6 6 7 

7 7 7 7 7 7 7 7 

7 7 7 7 7 7 8 8 

8 8 B 8 8 8 4 9 9 

9 9 9 9 9 9 9 9 9 9 

4 9 9 9 9 9 9 9 9 9 

9 9 9 9 9 9 9 9 9 9 

4 9 9 9 9 9 9 9 4 9 

9 9 9 9 9 9 9 4 9 9 

4 9 9 9 9 9 4 9 4 9 

9 9 9 9 9 9 9 4 9 9 

4 9 9 9 9 9 9 9 9 9 

9 9 9 9 9 ; 9 9 9 9 

9 9 9 9 9 9 9 9 9 9 

q 9 9 9 9 9 9 9 9 9 

4 9 9 9 9 9 9 9 9 9 

10 10 10 10 10 10 10 10 10 10 

1 0 10 10 10 10 10 10 in 10 10 

10 10 10 10 10 10 K 10 10 1 0 

10 10 10 10 10 10 10 10 10 10 

11 11 11 11 11 11 u 11 11 11 

11 11 11 11 11 11 11 11 12 12 

1? 1? 12 12 12 12 12 12 12 12 

1 2 12 12 12 12 12 12 12 12 12 

12 1? 12 13 13 13 1 3 13 13 13 

1 3 13 13 13 13 13 13 13 13 1 3 

13 13 13 13 13 13 13 13 13 13 

1 3 13 14 14 14 14 14 14 14 14 

14 1* 14 14 14 14 14 14 14 14 

1 4 14 14 14 14 14 14 14 14 14 

1 4 14 14 14 14 14 14 14 14 14 

1 4 14 14 14 14 14 14 14 14 14 

l'i ; * 14 14 14 14 14 14 14 1 4 

l< 1 s 14 14 14 14 14 14 14 14 

1 5 15 15 15 15 15 15 15 15 15 

15 19 15 15 15 15 15 15 15 1 5 

1 5 15 15 15 15 15 15 15 15 15 

15 15 15 15 15 15 15 13 15 15 

15 15 15 15 15 15 15 15 15 15 

15 15 16 15 15 15 15 15 15 15 

1 5 15 16 15 15 15 15 19 15 15 

1 5 1' 15 15 15 15 15 15 15 15 

1 5 15 15 15 15 15 15 15 15 15 

15 15 15 15 15 15 15 15 15 15 

1 5 15 15 15 15 15 15 15 15 15 

15 15 15 15 15 15 15 15 15 15 

15 19 15 15 15 1 5 15 15 15 15 

15 15 15 15 15 15 15 15 15 15 

15 15 15 15 15 15 15 15 15 15 

15 15 15 15 15 15 15 15 19 15 

15 15 15 15 15 15 19 15 15 15 

15 15 16 15 15 15 16 15 15 I 5 

1 5 15 15 15 15 15 15 15 15 15 

10 10 1 

SERUL   CQBREL4TIQN   ■ 
5T*N0»*D   DEVIATION   •        .292     «»*   SENSITIVITY   . .250 
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ROHTMSDN    HTN       I «Z US» J-3-    DEA"    S    D-0    B0"D" 
2   2000   PIPO      99    I52««    Hm»   2225«      162r    1611:1972      20C   SB:    .32   SD:    •"   "5=    .39 
«1360   SL-    )   NUTE'.:    PUB.    IN   "TSEE-RINÜ   CHNON.    füg   DBUDBOCLI11ATIC   »»»LISIS-   1976 

DATf 

TREE   »ING   INDICES 
2 3 "i 5 

Ibl I UJ 88 5 9 132 1 12 153 9 3 103 91 

1620 m 151 76 *6 31 50 42 89 113 118 

1630 mi, 108 )1 52 10~ 1 92 61 106 66 7 6 

lö'iO 1? 3 101 8s 9 2 11? 18 12 16 37 9 2 

1650 H7 131 85 123 63 131 147 106 158 1 30 

1660 1*0 150 141 16: 150 168 5 3 112 86 91 

1670 46 l?". 1*6 is«. 126 99 89 19? ITt 53 

1680 1<.H 118 125 119 56 6 6 83 151 1 37 163 

1690 108 1 19 161 1 18 103 107 80 70 103 99 

1700 •.9 i y\ 109 70 101 111 78 84 94 63 

1710 125 1 J't 11- 106 33 82 39 83 1 14 113 

1720 1*8 i n 75 128 7'. 125 149 88 87 48 

1730 86 70 97 ','• 86 37 114 56 1 1 f >*, 
U'.O 83 8 ) 6* 121 101 9 8 153 107 46 181 

17i0 
1760 

89 103 58 94 146 67 13) 136 176 122 

;)« 8b 1 10 7'. 1*4 V'4 126 100 119 1 12 

1770 9^ 133 80 37 7 9 76 no 96 92 93 

17H 0 79 8? 8 5 104 119 47 53 9 6 64 54 

1790 79 10* 119 190 126 143 164 132 76 170 

IbOO 1 12 6 5 'H 49 9 1 58 79 100 109 111 

18 10 1 18 121 123 32 9? 110 126 106 69 51 

1820 55 89 5 6 r't 94 132 156 128 177 84 

1^30 133 160 115 1*2 84 124 70 96 133 168 

iH^tO 139 105 63 107 106 44 59 8 90 1 19 

18b0 139 82 Ul 10b 110 9 9 77 7 105 48 

1860 90 BT 95 48 25 98 143 118 193 102 

1U70 135 38 102 85 1 19 106 81 53 90 26 

1880 u <t9 9 1 89 122 109 79 13 1 16 19 3 

1890 150 173 136 91 149 101 5 9 113 97 5 9 

1900 'i9 68 7 104 12 104 91 142 158 161 

1910 i sa 18 3 I** 61 105 141 121 157 150 177 

1920 16« 121 161 127 143 105 115 6? 93 102 

1930 BO 8( 12* 127 71 81 54 73 62 52 

II'.O *6 1?1 105 51 1 1 ä 9;) 106 47 97 195 

19i0 e i I* 113 ?e 52 37 73 9 5 79 76 

1960 102 150 125 s? 125 119 123 125 120 109 

1970 137 I* 1*5 

NUfBER   OF   S41PLES 
3        4        5 6 7 

1 1 1 1 1 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 ? 
2 2 ? 2 2 2 2 ? ? 2 
2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 

2 2 2 3 3 4 i. *. 9 8 

4 s 9 4 s 9 4 4 9 9 

9 9 4 9 4 4 9 9 8 4 

4 4 9 9 4 9 S 4 9 9 

4 9 9 4 4 ". 9 9 9 9 

5 6 7 7 7 7 7 7 7 7 

7 7 8 8 8 B 8 9 9 10 

10 10 10 10 10 10 10 10 10 1 1 

1 1 11 11 11 11 1? 13 13 19 19 

15 15 15 15 15 16 16 16 17 17 

18 18 18 18 ie 18 18 18 It IP 

18 18 18 18 18 18 18 18 18 18 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 2 0 20 20 20 20 

20 20 20 2 0 20 20 20 2 0 20 20 

20 20 ?0 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 2 0 20 20 20 20 20 20 ?0 

20 20 20 20 20 20 20 20 20 20 

2 0 20 20 20 20 2 0 20 2 0 2 0 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 ?0 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 2 0 20 

20 20 80 20 20 20 20 20 20 20 

20 2 0 20 20 20 2 0 20 20 20 20 

20 20 20 20 20 20 20 20 20 2 0 

20 20 20 20 20 20 20 20 2 0 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 2 0 20 

20 20 2 

SfBUL    COBRELtTION   ■ r«MD«RD   DEVUTION   ■ .371      *E4N   SENSITIIMTT   • 

CEBOLLETA   I. 
301099   PIRD 
»7.! 270   SL:95   NOT 

NB US»        J.S.    DE»N   E   ».    »OOLPENDEN 

102   J955N   15750«   21194      311»   1662:1972      20C   SB:    .26   SD:    .41   "S:    .42 
PUB      IN   "TREE-BINO   CHRO«.    FOB   DEBDHOCLIIWTIC   »»»LISIS"    1976 

1BEE   RINC   INCICFS 
2 3 4 5 

16 6 2 291 132 93 16? 1 5" Bl 99 111- 

1670 65 5 9 111 97 12» 97 59 72 72 9 9 

1680 
1690 

1C1 
99 

61 

62 
71 

107 
8P 
85 

69 
93 

96 

10? 

7 5 

68 
76 
99 

1 2 9 
79 

131 
156 

1700 139 1 1 1 90 112 89 119 1 58 50 82 85 

1710 123 72 116 61 86 B6 100 H8 126 85 

1720 
1730 

151 
81 

115 
83 

119 
70 

103 
74 

70 
95 

125 
97 

141 
127 

79 
79 

5 0 
93 

31 
9 5 

1740 67 121 76 118 119 161 186 is» 10 12 3 

1750 
1760 

50 
56 

147 
1 11 

72 
100 

1 24 
67 

98 
98 

5 5 
11" 

60 
lie 

115 
127 

131 
121 

1 37 
71 

1770 123 157 73 58 70 1 0 1 94 5 7 150 52 

1780 31 80 7 1 150 191 116 63 12 1 88 63 

1790 
1800 

119 
150 

191 
1 18 

115 
91 

166 
93 

97 
98 

100 
66 

67 
50 

106 119 
9 7 

115 
191 

1810 
1820 
18 30 

125 
71 

155 

1)0 
81 

100 

70 
45 
H3 

84 
87 
no 

128 
^3 
136 

15« 
78 

36 

191 
60 
76 

127 
77 
85 

50 
190 
97 

52 
89 

152 

1840 170 159 72 101 70 113 121 2 2 100 106 

1850 92 55 Ul ,8 9 6 1 12 73 70 89 48 

1860 132 91 19 59 61 86 130 118 169 1 5 6 

1870 8 ) 9< 61 5 6 76 6 7 67 156 105 96 

1880 92 67 125 5 7 119 109 6 7 129 95 81 

1890 95 139 50 15 63 123 5 9 127 1 19 6 

1900 
1910 

98 
89 

109 
160 

65 
182 

87 
»9 

4 
150 

165 
148 

217 
1 5 9 

216 
156 

299 
51 

159 
167 

1920 
1930 

200 
1 10 

143 
9* 

96 
145 

57 
1 10 69 

11 
160 

17« 
106 

1 19 
153 

89 
108 

71 
88 

1990 
1950 

1 39 
92 

200 
12 

1 18 
107 

129 
7 a 

154 
51 

lie 
17 

32 
50 

109 
56 

192 
110 

1 16 
58 

I960 90 56 76 52 108 111 53 75 99 96 

1970 180 89 120 

NU"BE4   OF   Si^PI-fS 
2 19 5        6 7 8 

1 I 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 2 

2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 3 9 4 9 

9 9 9 4 6 5 ■. 5 b 7 

7 7 7 7 7 7 8 8 8 8 

9 9 10 10 10 10 10 10 10 10 

10 10 10 10 10 10 10 10 1" 10 

12 12 13 13 13 14 19 19 15 15 

1 5 15 15 15 15 15 16 16 16 16 

16 16 16 15 16 16 16 16 16 16 

16 16 16 16 16 16 16 16 17 17 

19 19 19 19 19 19 19 19 19 19 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 ?n 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 2Ü 20 20 20 20 

20 20 20 20 2" 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 2 0 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

2 0 20 ?0 20 20 20 20 20 ?0 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 20 20 20 20 20 20 20 

20 20 20 ?0 20 20 20 20 20 20 

20 20 20 
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